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Microwave ror Uvitities: Recently there 
has been a vast interest shown in microwave as 
a form of communication for the electric utili- 
ties. This interest arises from the availability 
of microwave frequencies and microwave 
equipment for use in operating and dispatching 
channels. It is important, therefore, that this 
new method should be properly evaluated. 

Frequency bands in the range between 950 
and 30.000 megacycles are among the space 
radio-frequency bands assigned by the Federal 
Communications Commission for utility-com- 
pany use. These frequencies are among those 
called microwave and require a line of sight 
from one antenna to the other with approxi- 
mately a 50-foot clearance above intervening 
obje cts. 

One of the attractions of a microwave chan- 
nel is the band width that is available. This 
wide band width permits the simultaneous 
transmission of several voice and_ control 
channels. ... 

The objectives of a utility’s dispatching and 
operating communication are these: To achieve 
reliable telephone service for its dispatching: 
dependable supervisory control over its un- 
attended substation: accurate and dependable 
telemetering and load control of the power 
flow over its tie lines; and the high-speed 
selective relaying obtainable by using a pilot 
form of relaying. 

The reliability of these services is of great 
importance, and they should be operable unde rT 
all weather conditions. Terminal equipment 
and power supplies for the equipment should 
be immune to failure, and maintenance re- 
quirements should be such as to require only 
short outage time on a planned basis. 

Because microwave and carrier are both 
capable of supplying the channels for the operat- 
ing and dispatching communication needs of 
an electric utility company, the choice is 
largely determined by economics and _relia- 
bility. In many cases, the re ‘liability requirement 
will become the predominant factor. ... 

Microwave tends to be suitable for a large 
number of channels between terminal points; 
in other words. multichannel installations. .. . 
Carrier tends to be more suitable for party- 
line channels to scattered points. ... Not only 


is there a definite place for microwave and 4 
definite place for carrier, but also they ean 
supplement each other. 
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Op Lamps vs. ‘TELEVISION: It has been known 
for some time that vacuum-ty pe filament lamps 
with a straight-draped wire filament could 
produce radiation at television frequencies. In 
fact, tests were conducted in Bridgeport ani! 
Schenectady as early as 1940 on various ty pes 
of filament lamps furnished for the purpos 
by the General Electric Company’s Lamp De- 
partment. These tests revealed that only the 
S-l type of filament in vacuum caused sus- 
tained oscillations that could be picked up b) 
the television antenna or the unshielded part: 
of the receiver. 

Lamps of this type for home lighting wer 
not manufactured after 1925, so the problem 
is not generally considered a serious one as 
compared with other sources of interference. 
However, since there are now over 12,000,000 
television sets in operation, it is understandable 
that many older homes contain one or more o! 
the veteran lamps as well as a television re- 
ceiver. 

The radiation can be reflected away or dis- 
sipated by applying various types of metal 
reflectors, but no one recommendation. will 
apply to all installations. The best and least 
expensive cure is to replace these veterans 0! 
25 to 40 years with a modern lamp, which pro- 
duces light at much higher efficiency and cost 
about one-third as much to buy as the old ones 
did. On an equal light-output basis, one of th 
modern 60-watt lamps is equivalent to 314 ol 
the old 25-watt lamps. 

General Electric Review 
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(From the Month’s News Releases) 


Painting Could be Fun 

An all-purpose paint roller uses a Lonel dynel cover, 
which applies rubber-base, or water-thinned paints, 
enamels, or aluminum paint, does not mat, coagulate, 
or slip. Removable covers can be purchased separately. 
Dynel is said to clean easier than lamb’s wool and to 
be like new after cleaning. 


Note for Uranium Prospectors 


A pocket-size uranium test kit used in conjunction 
with any type of ultraviolet instrument eliminates the 
necessity of shipping radioactive samples to a testing 
laboratory for determination of uranium. All elements 
are standard and individually replaceable. From 25 
to 30 bead tests can be made from a single kit. 


Safety Insurance 

Gyro-Stabilizer is said to maintain an even weight 
distribution on curves, sharp turns, down grades, through 
rough and uneven surfaces, and on wet and icy pave- 
ments. All-metal, simple to install, and usable on all 
makes of cars, it attaches to rear cross member of 
the car. 


The Greeks Had a Name for It 


Nephos supplied the inspiration for the naming of 
the photo-nephelometer, a small laboratory instrument 
used in hospitals and research laboratories to detect 
bacterial contamination in serums; in distilleries to 
measure cloudiness in whiskies; and in high-pressure 
boilers to detect calcium, magnesium, chlorides, and 
other impurities in the water. 


Maple Mite 

Nothing can be done at this time of the year about 
those small blisters on the leaves of maple trees. Caused 
by the feeding of tiny mites, the galls or blisters do no 
harm, although they disfigure the foliage. Next spring, 
just as the bud scales begin to separate, one application 
of a spray of lime sulfur and water (1:10) will prob- 
ably control the pest. 


There’s Always DDT 

The USDA has released horrifying figures on the 
possible reproduction of rice weevils in stored grain, 
provided they can live under ideal conditions. The 
female will lay about 300 eggs, and by the time the fifth 
brood appears 120 days later, 151,875,000,000 weevils 
could have made their appearance. Fortunately, few 
insects encounter conditions favorable to such astronomi- 
cal multiplication. 


High-speed Camera 
Eastman Kodak has modified its high-speed camera 
to permit both the mechanical and electrical aspects of 
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a subject to be recorded simultaneously on the sam 
film. A second lens has been added to the camerg , 
record the images on the tube of a cathode-ray og¢illp 
graph through the back of the film while the mechanic 
apects are being photographed on the front. The osc), 
graphic modification may be added to the high-spo«, 
camera you now own. 


Dialing in the Dark 

Glo-Dile, an inexpensive luminous telephone dig 
made of two plastic halves that lock in place betwee 
the dial rotary and the dial face. Useful for blackouts 
power failures, sickrooms, hospitals, mines, ete, 


Gardeners’ Notes 

Vitamulch, said to come from volcanic ash in th 
Grand Canyon country, will air-condition and water th 
roots of plants almost automatically, because o! 
ability to retain water, plus low rate of evaporat 
Metal and ceramic planters, the manufacture: boas 
will need to be watered only once in three weeks. 0s 
the other hand, if you prefer a self-watering flowerpot 
there is the plastic one with a fiber wick that carr 
moisture by capillary action to the plant roots 
a black pedestal base. Among other gardening aids a 
reusable markers of plastic on 14-inch, steel suppor 
that hold the label tilted at an easy-reading angi 
Measuring 234 x 1% inches, the markers come 
neutral green, orange, or translucent dark green. Sp 
rainproof pencils are used to write on the plastic sur! 
from which the marks may be easily erased 


Double-Purpose Rule 

Designed primarily for the USAF, the Aerial Phot 
Rule has many applications. One side bears an altitud 
scale, a focal-length scale, two image size scales 
and in centimeters), a ground size (feet scale 
settings in either mph or knots. The reverse side be 
L, A, DF-CF, CIF, T, S, C-D, DI, and K for 
computations. It is boxed in a leather case with manual 
in two sizes, 10-inch government model and 6-ind 
pocket government model. 


Resists Thermal Shock 


A heat-absorbing plate glass produced by Libbey 
Owens-Ford is pale bluish-green and in V4-inch thick 
ness has a transmittance of 76.5—79 percent of averag 
daylight, but passes only 42-50 percent of the tota 
radiation of the sun. These factors make it desirable i! 
show windows for the display of fruits, flowers, candy 
vegetables, and baked goods. It is also useful aly 
conditioned buildings. 
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edical Aspects of Military 
anpower Selection 


WALLACE O. FENN 


The author was trained at Harvard and has been professor of physiology in the 
University of Rochester School of Medicine and Dentistry since 1925 and as- 
sistant dean since 1950. He has worked on the physiology of nerves, muscles, and 
electrolytes and in recent years has been investigating problems of respirator) 
physiology of particular interest to the Air Force. He is a past president of the 


American Physiological Society, 


HE Research and Development Board 

specifically its Committees on Medical Sci- 
ences and Human Resources—is concerned 
with the methods by which men and women made 
available for military purposes are screened, se- 
lected, assigned, and cared for. In general, the 
Committee on Human Resources supervises re- 
search and development on new and improved 
methods of assessment, selection, assignment, and 
evaluation of personnel, and the Committee on 
Medical Sciences is responsible for research rela- 
tive to the adaptation of the personnel to the vari- 
ous vehicles of warfare and environmental stresses 
and for their mental hygiene and psychiatric re- 
habilitation. In other words, the Committee on 
Human Resources is charged with seeing that the 
selection tests are adequate, and the Committee 
on Medical Sciences must ensure that the men and 
women selected adapt properly to their military 
environment and do not break down under stress. 
The two committees have, therefore, a common in- 
terest, which is about equally divided; in the last 
analysis, the same problem concerns both. How 


* Based on a presentation made by the author at the 
Symposium on the Selection of Military Manpower, spon- 
sored by the National Academy of Sciences, and held in 
Washineton April 12—14, 1951. 


and a member of the RDB Committee on 


Me dic al Sciences 


shall men be selected so that failures may be 
avoided? Our work on an answer to this question 
begins after determinations have been made by 
other defense and nondefense agencies regarding 
the size of the required military force, the man- 
power needs of industry, and the policies to be fol- 
lowed regarding deferment. 

The earliest recorded evidence of a military man- 
power selection problem that I can recall appears 
in the Old Testament, Chapters 6-8 of the Book 
of Judges. There it is recorded that Gideon was 
called upon by God to raise an army to smite the 
Midianites. Gideon responded by raising an army 
of 32,000 men, but the Lord told that it 


was too large and that its success would be im- 


him 


paired by the cowards within the ranks. So Gideon 
told all those who were afraid to fight the Midi- 
anites to go home. He was left with 10.000 men 
This may be regarded as the first use of the per- 
sonal interview or personal preference as a screen- 
ing procedure. The Lord then told Gideon that 
his army was still too large and devised a per- 
formance test to screen out those recruits who were 
most alert to their soldierly duties. To this end, 
Gideon led his men to the river for a drink. where 
he eliminated all those who carelessly threw down 
their shields and spears and lapped up the water 
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like dogs, with their backs to a possible enemy. He 
retained only the 300 men who kept a wary eye on 
the bushes and with spear held ready in one hand 
scooped up a hasty gulp of water with the other. 
This ingenious psychological performance test 
was proclaimed a success, because the Midianite 
camp was duly liquidated in the night when 
Gideon’s 300 men smashed their pitchers, revealed 
their circle of lights, blew their war trumpets, and 
rushed upon the unsuspecting sleepers. 

I cannot vouch for the accuracy of the story 
as I have related it, but I can point out that the ex- 
periment lacked a control; and there is no proof 
that the well-hydrated men who drank on their 
knees would not have killed even more of the 
enemy than the more cautious selectees. Perhaps 
that is why Gideon’s divinely inspired test is no 
longer used. 


Modern Screening Tests 


What can we say of the success of the selection 
techniques now in use in the armed services after 
years of research? I suspect that most of them also 
lack controls even in this scientific age, and that 
the assignment of a recruit according to his first 
preference is still the most important single guide 
in our selection technique. 

Doctors of medicine may be said to apply the 
first screening when they eliminate those recruits 
who are regarded as unfit, physically or mentally, 
for the rigors of military service. This is largely a 
medical problem, and the present physical stand- 
ards are open to amendment in the light of our 
practical experience with the standards used in the 
last war. I do not believe that any attempt is made 
or should be made in this preliminary screening to 
include only those individuals who are considered 
fit for anything that a man can be expected to do, 
from picking up cigarette butts to operating a jet 
plane. Some may be accepted for general service 
and some for limited service. I assume that all are 
included who are considered worth their keep in 
the military service. 

After this preliminary screening, the psycholo- 
gist and psychiatrist will apply certain tests to de- 
termine aptitudes for special skills, and the physi- 
ologist will perhaps be called upon to apply other 
tests based on the physiological functions of the 
organism to determine the adaptability to different 
environments. Indeed, at its last meeting the Panel 
on Military and Field Medicine of the Committee 
on Medical Sciences recommended that efforts be 
intensified to select men who were medically 
adapted to their particular tasks; in other words, 
that a positive medical selection be made, rather 
than a purely negative elimination of the physically 
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unfit. We are particularly concerned with (his area 
today, because the value and predictabilit» of they 
psychological and physiological tests are 
dent and more in need of validation tha 
strictly medical tests. 

When selecting the men with the best hearing 
for underwater sonar work or men with the bes 
night vision for night flying or sentry duty, th 
problem is fairly straightforward and the results of 
testing are successful. It is more difficult to select 
men who are best fitted for satisfactory over-al 
performance in unfavorable physical environmen 
that are too high or too low, too hot or too cold 
too wet or too dry. The fatigue that develops un. 
der such conditions is too dependent upon motiya. 
tion and other psychological factors that are hard 
to measure. It is only in tasks involving strenuoy 
muscular activity that the body is sure to tire be. 
fore the mind. Consequently, it appears to me that 
the physiologists have, on the whole, less chance 
of success with their tests than have the psycholo- 
gists. When expressed in common terms of perform. 
ance, the variations in the psychological charz.§ 
teristics available to measurement seem to cover 
a wider range than the variations in physiological 
characteristics that remain in this medically ¢. 
lected group. I defer to the experts in this matte: 
but I should be inclined to guess that the succes 
of an airplane pilot would depend 90 per cent on 
his psychological characteristics and only 10 per 
cent on his physiological equipment. The success of 
an arctic or desert soldier might depend 75 per 
cent on his motivation and determination and 2) 
per cent on his heart and lungs. Under sufficient) 
extreme conditions, it would depend 100 per cent, 
of course, on his source of artificial heat or hi 
water or oxygen supply. At any rate, both physio- 
logical and psychological tests must be applied con- 
currently for maximum success, and the criteria 
used require validation in both areas, However 
great the spirit, the flesh may yet fail, and the 
greatest of physiques is helpless in the absence o! 
strong and skillful control. 

I shall not describe in detail the contributions 0! 
environmental physiology to the problem of st: 
lection. I do not believe, however, that the pro) 
lems of survival in the Arctic can be solved mere! 
by selecting men with physiques that adapt wel 
to cold. To a large extent, the solution of th 
problem will depend upon our success in providing 
each soldier with a personal nonarctic environmet! 
in the form of suitable protective clothing and heat- 
ing devices so that the stress remains endurable io! 
the average medically selected military man. The 
same is true for other stresses such as extreme hea! 
and extreme altitude. 
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nis are ~The stress of combat is not so easily avoided or 
of these minimized. Indeed, modern warfare calls more and 
°SS ey. more for supermen and is less and less satisfied with 
are the those somewhat stupid animal group qualities that 

appear to suffice for the last desperate banzai 
learing MM charge. The American soldier is given control over 
he best weapons with more and more power, which he must 
ty, the earn to use with resourcefulness and cunning—one 
sults of against many. In spite of our selection techniques, 
) Select too many men break under stresses of this type. 
ver-all™® Neuropsychiatric disorder was the largest single 
iments yeason for discharges in the last war. The Commit- 
© Cold tee on Medical Sciences was informed that, in the 
PS un-MR vears 1942-45, 30 per cent or more of the dis- 
lotiva- MF charges were for psychoneuroses and personality 
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disorders. The figure is, I believe, about the same in 
the present Korean war. All these must be regarded 
as men who slipped through the screening devices. 
Moreover, we have no idea how many men were 
screened out who would have been able to with- 
stand these stresses without breakdown. As with 


rform-M% Gideon’s army, we again have no control. In all 


haracf reports of the Committee on Medical Sciences this 
(COvTRE deficiency has been stressed, and the progress being 
“<a made in investigating the problem and improving 
ly SH the si reening tests has been declared inadequate. 
latte, This was attributed partially to lack of funds, but 
UCCESHME even more to lack of adequately trained research 
‘Dt ONE yersonnel. This lack is still evident today in spite of 
0 pel valiant efforts to improve the situation by Public 
eS OM Health Service training fellowships and other de- 
) PCE vices. My own impression is that we have a lot to 
ne 7 learn about identifying with certainty the charac- 
iently 





teristics required for success in combat and that 
we may never obtain a really satisfactory test that 
can detect with reasonable certainty their presence 
or absence in a given recruit. 

The Panel on Shipboard and Submarine Medi- 
cine of the Committee on Medical Sciences has 
stated that it is reasonably well satisfied with the 
present selection technique for submarine person- 
nel, although I am not sure how reliable the valida- 
tion really is. 

In the selection of men as pilots or bombardiers, 
[ believe that the situation is also somewhat better. 
We no longer make the World War I mistake of 
| climinating candidates because their postrotational 
nystagmus was too brief in duration or because 
they could not maintain a pulmonary pressure of 
40 mm Hg for a sufficient length of time. 

The impressive nineteen-volume report of the 
Aviation Psychology Program? indicates the scope 
of the recent work on this subject. From Report 
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Tt Aviation Psychology Program in the Army Air Force, 
Vol. 1. Washington, D. C.: GPO (1948). 
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No. 1 edited by John C. Flanagan, I learn that one 
of the greatest advances was the discovery that 
academic accomplishments and mathematical and 
verbal ability have little predictive value for flying 
proficiency. In this report one can also read of some 
controlled experiments and some validation of the 
tests that were applied. 

Thus, of 10,000 men selected by a screening test 
for pilot training, 3.7 per cent of the top 10 per 
cent and 69 per cent of the bottom 10 per cent 
failed to graduate. In another, still better experi- 
ment, 1,000 applicants were accepted for pilot 
training, regardless of the scores made on the Air 
Force screening test. Of the 598 men who passed 
that screening test, 35 per cent graduated from 
flight training, whereas only 11 per cent of the 
402 who failed to pass the screening test graduated. 
The tests used for this selection obviously offered 
some measure of success; nevertheless, they would 
have eliminated 44 successful flyers out of the 1,000 
and they passed 389 men who failed to graduate. In 
addition, this analysis has neglected the crucial 
question of whether the ability to graduate from 
the training school is in itself a fair test of success 
in combat flying. Perhaps some of those who failed 
to graduate could have learned to operate planes 
successfully with a few weeks more of experience, 
and they might have proved eminently successful 
in actual combat. May not slow learners sometimes 
go further in the end, and is not performance in 
combat a test very different from performance in 
flight school? 

These considerations lead me to wonder whether 
it is true, on the basis of the record, that research 
on selection techniques has outrun the administra- 
tive use of such tests. I suspect that much still re- 
mains to be done in validation of the tests, although 
I do not mean to underestimate the excellent work 
already done on this problem by psychologists. 


Better Validation Needed 


Some years ago, as a member of the National Re- 
search Council’s Committee on Medical Problems 
of Civil Aeronautics, I encountered the problem of 
setting up physical standards of hearing and vision 
for civil pilot licensees. In this connection, I had 
an opportunity to attend the meetings of the Na- 
tional Research Council Committee on the Selec- 
tion and Training of Airplane Pilots which was un- 
der the able chairmanship of Morris S. Viteles. At 
these meetings, a very important experiment was 
set up in which men with eminently poor vision 
(the lowest 4.5 per cent of the population) were 
given the same opportunities to learn to fly as men 
with perfect vision. About half of this handicapped 
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group successfully qualified in spite of poor vision. 
This is the type of validating experiment that is 
badly needed in many othery areas. 

The problem of fatigue in the performance of 
military tasks is another facet of the problem of 
selection with which the Committee on Medical 
Sciences has been concerned. Tests are needed for 
the selection of those men who do not tire easily 
at a given task. I have been particularly interested, 
myself, in the problem of flyer’s fatigue. I have 
made no experimental contribution to the subject, 
but I have followed the literature carefully and 
know the inadequacy of any tests that have been 
devised for the measurement of fatigue. By an 
effort of the will a well-motivated man can over- 
come physical fatigue and complete his task with 
a normal score. Every part of the body is sub- 
jected to the stress under investigation, and any 
part may be the first to show signs of strain. There- 
fore, no single specific test such as, for example, 
ketosteroid excretion can cover all eventualities. 
Only general performance tests remain as possi- 
bilities for general applicability. Usually, again, it 
is the mind that tires before the body. The exact 
reasons for this are the hardest to determine, and 
I should think well-nigh impossible to measure. 

In connection with this discussion of flyer’s 
fatigue, I cannot refrain from drawing attention 
to the USSR’s ingenious solution of this problem, 
as described by Subbotnik,t who asserts that this 
phenomenon does not occur among Russian avia- 
tors, but as reported elsewhere it is merely the re- 
sult of the “insufficient material security under 
which fliers in capitalistic countries live.” In other 
words, the problem is eliminated by simply de- 
claring that it does not exist. However unscientific 
such an arrogant ukase may be, it has some psycho- 
logical merit in a people already browbeaten to 
passive credulity; and it is worth while to inquire 
whether we have a better practical answer. 

I do not pretend to speak with authority con- 
cerning this problem of selection of military man- 
power. The problem is quite analogous, however, 
to that of selecting medical students for training. 
As a member of the Admissions Committee of the 
medical school at the University of Rochester 
for the past ten or more years, I venture to discuss 
the subject with some confidence. The use of the 
medical-aptitude test for purposes of selection has 
been much debated, and this test is required of all 
candidates at Rochester, as it is in most schools, 
We know that it is often quite misleading in indi- 
vidual cases, although it has some validity on a 

t Fundamentals of Aviation Medicine. W. E. Voyachek, 
Ed. Trans. by I. Steiman for the National Research Coun- 
cil of Canada, 300 (1943). 
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statistical basis. Together with the colleg: record 
it aids us in selecting men who can pass set medica) 
examinations and qualify for the M.D. «& me 
A limited degree of validation is achieved by eq. 
relating aptitude-test scores and medi : 
grades. The objective, however, is to train succes. 
ful doctors; and here we have no validation wh). 
ever of the efforts of our Admissions Com 
We do not know how to measure success in med}. 
cine. It cannot be measured by medical-school ray. 
ings, pecuniary intake, number of patients, or num. 
ber of published papers—nor, perhaps, by anything 
so ephemeral as community esteem. Have we, 
the last analysis, better validation of any of oy 
military selection tests? 
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And for the Future? 





In summary, we must screen in rather than ou 
if we are to stretch the manpower pool to the limit 
The first screening, therefore, will not be ven 
discriminating. Thereafter, we need much bette 
tests for the psychological, physiological, and med. 
cal selection of men for the many different tasks 
Our present tests eliminate many men who might 
prove quite successful in practice, and pass mai 
men who fail in their tasks or break under th 
stresses to which they are exposed. Few of the test 
have been properly validated, and in many cas‘ 
there may be reasonable doubt whether we cai 
do any better than Gideon did with his cheap and 
easy water-drinking test. 

The Committee on Medical Sciences is particu: 
larly interested in the adaptation of personnel | 
the military environment, whether it be in a sub- 
marine, a jet plane, or the stratosphere. Hereto- 
fore, by artificially cushioning the impact of the 
environment we have made more progress than b\ 
the careful selection of particularly well-adapted 
men. Perhaps it is fair to say that, in selecting mer, 
we still have most success with the method Gideon 
also used, of giving every man his first preference 
where possible. 

A special case of adaptation to a military et 
vironment is the prevention of psychiatric casual: 
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ties. Here I think the situation is even more serious of the 
and the tests are even less satisfactory. The per existin; 
centage of failures is high, and failure involvesmWell-be 
some danger of permanent damage to the cal-gjj"0t a 
didate as well as a waste of time and money in theggago TI 
training procedure. I hope that some new ap humar 
proaches to these problems will be found and that checks 
additional impetus may be provided in the searcijiMsupply 
for better selection techniques and for betteg™increa 
validation of those now in use. The continued uf conseq 
of a poor selection test is probably worse than "gon res 
test at all. the hi 
THE SCIENTIFIG MONTHL'ER Octobx 





Ccord. 


he Efficient Transformation 
of Light into Chemical Energy 
in Photosynthesis 


An Application of the Einstein Law of 
hotochemical Equivalence to Living 
Organisms 


DEAN BURK, JEROME CORNFIELD, and MARTIN SCHWARTZ 


Dean Burk has been head of the Cytochemistry Unit of the Biochemistry Section 
of the National Cancer Institute, USPHS, since 1949. Interested in the bio- 
chemistry of photosynthesis throughout his scientific career, he did his original 
work in the field for his Ph.D. thesis in 1927. He joined Otto Warburg at the 
Kaiser Wilhelm Institute in 1948 in a continuation of research they had begun at 
the National Cancer Institute. Mr. Cornfield is well known as a mathematical 
statistician. In 1947 he was a member of the Bureau of the Budget Mission to 
SCAP on reorganization of Japanese statistics. He has been with USPHS since 
his return. Martin Schwartz’ interest in photosynthesis began when he worked 
with Dr. Burk and Dr. Warburg at Woods Hole in 1949, and he chose this 
subject for his Ph.D. thesis. He will shortly receive his degree from the Uni- 
versity of Wisconsin, after which he plans to go to Germany for work with 
Dr. Warburg. 


Are not gross Bodies and Light convertible into one 
another, and may not Bodies receive much of their 
activity from the Particles of Light which enter into 
their Composition?—Sir Isaac Newton, Opticks, 
Query 30 (1718). 


continuing population pressure relieved by the 
operation of the aforementioned checks—a gloomy 
prophecy that has not been borne out in the in- 
dustrialized nations of the world at least. 

rence 


HE economic well-being of any community In recent years the unrelieved poverty of whole 


of organisms, whether of bacteria or of men, continents has resulted in a re-examination of the 


y en 


sual: 
TOUS 


per- 


is determined in part by the amount of 
available food. It is thus clear that in large areas 
of the world today the pressure of population on 
existing food resources sets an upper limit to the 
well-being of the population. This, of course, is 
not a new problem. One hundred and fifty years 
ago Thomas Malthus, in comparing the growth of 
uman populations in the absence of natural 
checks (war, famine, pestilence) with that of food 
supply, decided that the human race tends to 
increase faster than the food supply and that in 
consequence a continued pressure of population 
on resources is to be expected. He concluded that 
the human race faced the prospect of having this 
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Malthusian problem. Some students have con- 
cluded that in all essential aspects Malthus was 
that the industrialized nations form 
only a local exception. Even in these nations, it 
has been argued, the problem has been met only 
by unparalleled advances in agricultural tech- 
nology—better tillage practices, artificial fertilizers, 
and improved plant Even if these 
practices could be extended to all arable land in 
the world, these students contend, the international 
standard of nutrition could not be raised to an ade- 
quate level, nor could it provide for the inevitable 
future growth of populations. 


correct and 


varieties. 


We are concerned here with a closely related 
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problem—the maximum efficiency of photosynthe- 
sis. In the green leaf, one of the world’s most active 
chemical laboratories, sunlight provides the energy 
required to combine carbon dioxide taken from 
the air and water drawn from the soil. These are 
put together to form starch and sugar; at the same 
time oxygen is taken out of water and set free 
into the atmosphere. Thus, the sun-stoked labora- 
tory creates the food without which man and other 
animals would starve, and liberates the oxygen 
without which they would suffocate. This, stated 
in its simplest terms, is photosynthesis. 

Certain experimental work of the past year has 
greatly extended our understanding of the photo- 
chemical phase of photosynthesis and has provided 
a fundamental, simplified reinterpretation of a 
great body of data accumulated over past decades. 
The new findings demonstrate that energy in the 
form of visible light can liberate oxygen gas in the 
photosynthetic process with nearly perfect ef- 
ficiency—that is, with full utilization of radiant 
energy and relatively little loss of energy in the 
form of heat. If we can learn how to realize even a 
fraction of this maximum efficiency under practical 
as well as laboratory conditions, then the necessity 
of facing the original Malthusian problem will 
once again be postponed for many generations. 

At present, far less than 1 per cent of the solar 
energy is ordinarily utilized under even the most 
effective of modern agricultural practices. The 
revolution in agricultural technology has therefore 
taken place within a framework of highly inef- 
ficient utilization of the prime mover, solar energy. 
Consequently, scientific understanding and mastery 
of this largely untapped part of our natural 
resources might result in enormous benefit, in a 
revolution in food production beside which the 
technological progress of previous centuries might 
seem trivial. 


The Basic Energy Transformation Cycle in 
Photosynthesis 


In the laboratory one can readily demonstrate 
that food substances such as sugar, starch, fat, or 
protein can be burned with oxygen to carbon 
dioxide and water to yield a large amount of en- 
ergy in the form of heat that can be measured in 
a calorimeter. All aerobic organisms likewise pos- 
sess the ability to oxidize food substances to car- 
bon dioxide and water, but nature has enabled 
them to trap a large part of the available poten- 
tial energy in the form of bundles of chemical en- 
ergy before it is converted into heat, in which 
form it would be wasted. The chemical energy 
bundles so obtained are used for life functions 
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such as growth, muscular contraction, 0 
of nerve impulses. The calorimetric com! 
carbohydrate may be contrasted with the | 
oxidation of carbohydrate as follows: 


ASSage 
tion of 


4OP1Cal 


SCHEMA A 
Calorimetric combustion: 
Carbohydrate + Os — COz + H.O + 110,000 
cal heat/m 
(1 mole =6 x 10° 


Biological oxidation: si 
I Mm. 4 Ay 
Carbohydrate + O. —~> —> —> —> CO. + H.O 
VY vv 4 
CEB CEB CEB CEB 
(chemical energy 
bundles (CEB) and 
some heat, totaling 
110,000 cal/mole 
where I, II, III, and IV represent a stepwise oxidation oj 
carbohydrate to trap the energy in small bundles 
Carbon dioxide and water formed in the oxida- 
tion or combustion of carbohydrate may be te- 
garded as compounds with an energy content of 
110,000 calories per mole less than that of car- 
bohydrate. To reconvert these low-energy com- 
pounds, CO, and H,O, back to carbohydrate 
clearly requires 110,000 calories. This may be sup- 
plied by sunlight through the agency of green 
plants, which contain chlorophyll capable of ab- 
sorbing, and making use of, the energy of visibl 
light. This process of combining CO, and H.O and 
light to form carbohydrate and Oz, under the pho- 
tocatalytic influence of chlorophyll, is photosyn- 
thesis. It is one of the many answers given by 
nature to Newton’s Query . “may not Bodies 
receive much of their activity from the Particles 
of Light which enter into their Composition?” 
The investigations in the present century as to 
how much light is coupled with CO, and H,0O to 
form carbohydrate, and how the coupling takes 
place, have had a classic history and development 
First, one may profitably recall Newton’s views o1 
the nature of light, as expressed in Query 29 o! 
O pticks, “Nothing is more requisite for producing 
all the variety of Colours than that the Rays o! 
Light be Bodies of different Sizes.” In 1900 Planck 
developed his quantum hypothesis of the natur 
of radiation, and re-expressed Newton’s “Sizes” i! 
terms of energy content. He postulated that light 
is composed of discrete units, celled quanta, whos 
energy content depends on the wavelength, 0! 
color, of the light. Thus, red light of wavelength 
660 my» has been found to contain approximatels 
43,000 calories per mole quanta (1 mole quanta 
6 x 10?* quanta), and blue light of wavelengt! 
430 mp to contain approximately 66,000 calories 
per mole quanta. 
In 1911 Einstein, with the stimulus provided 3 
few years earlier by Emil Warburg, extended 
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Planck’s quantum theory to photochemistry and 


| the hypothesis that in photochemical re- 
uanta of radiation act as units and do so 
n possessed of a given minimum energy 
content: chemical substances affected by light must 
react through the precise equality of one molecule 
altered per one quantum of minimum energy con- 
tent absorbed. This law of photochemical equiva- 
lence, first experimentally demonstrated by Emil 
Warburg a few years later, would indicate that, 
in order to produce carbohydrate and oxygen gas 
‘om carbon dioxide and water directly in one 
photochemical reaction, it would be necessary to 
employ a quantum of an energy content of at least 
110,000 calories per mole, or radiation of wave- 
length approximately 260 my, which is far outside 
the visible, in the ultraviolet region. If quanta 
were provided containing less than this energy 
content—for example, 90,000 calories per mole— 
then the reaction could not take place regardless 
of how many quanta were absorbed. The law also 
indicates that even if each quantum contained 
more than 110,000 calories per mole—for example, 
200,000 calories—still only one molecule of CO, 
would be converted into carbohydrate per quantum 
of light absorbed. Because of the discrete nature 
of quanta, any extra calories would be wasted as 
heat, instead of being converted into chemical 
energy. The efficiency calculated on a caloric basis 
would thus fall below 100 per cent, although cal- 
culated on a quantum basis it would remain unity 
-that is, the ratio “O, produced/quanta ab- 
sorbed” would remain one. 


advance 
actions 
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The question thus arises as to how photosynthesis 
in plants can take place at alJ in visible light where 
the quanta have an energy content of at least as 
low as 43,000 calories per mole, in the case of red 
light. If the law of photochemical equivalence 
holds, this can only mean that there must be sev- 
eral primary photochemical reactions, identical or 
otherwise, each requiring a quantum of energy 
content no more than 43,000 calories per mole. 
At least three (110,000/43,000) single quantum 
reactions would then be required theoretically— 
in fact, possibly many more. The establishing of 
the least number of quanta needed under optimum 
experimental conditions has involved prolonged 
and extensive investigations extending over the 
past three decades. 

Otto Warburg, director of the Kaiser-Wilhelm 
Institute for Cell Physiology, Berlin-Dahlem, Nobel 
prize winner, and one of the world’s most accom- 
plished biochemists, was the first to make determin- 
ations of the quantum efficiency of O, production.’ 
His experiments were carried out with the com- 
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mon unicellular green alga Chorella. Thirty years 
ago Warburg reported that no more than fou 
quanta of red light, each containing only 43,000 
calories per mole, were needed to produce one 
molecule of oxygen under favorable conditions, 
notably, /ow intensities of light and in acid media. 
This corresponded to a startlingly high caloric ef- 
ficiency of 100 x 110,000/(4 x 43,000) = 65 per cent. 
No other energy-requiring photochemical process 
with such a remarkable efficiency has been found 
to occur before or since. Only one other photo- 
chemical reaction is known to have an over-all ef- 
ficiency even approaching that of photosynthesis, 
namely, the ozonization of molecular oxygen by 
one quantum of the wavelength 207 mp (3 O, 4 
1 quantum = 2 O;), with a maximum efficiency of 
100 x 68,000/137,000 = 50 per cent, as first found 
by Emil Warburg, father of Otto. The exception- 
ally high efficiency of photochemical ozonization 
was obtained, however, with quanta of the high 
energy of 137,000 calories per mole in the far 
ultraviolet, whereas the high efficiency of photo- 
synthesis is obtained with quanta of the low energy 
of 43,000 calories per mole, in a reaction that ther- 
modynamically requires at least three such quanta 
(112.000 /43,000). 

There are relatively few nonphotochemical bio- 
chemical processes which occur with the high ef- 
ficiency of photosynthesis, but one very import- 
ant instance that may be cited is the formation of 
so-called energy-rich organic phosphate com- 
pounds from inorganic phosphate at the expense 
of the energy of oxygen consumption. Here the free 
energy efficiency may attain 60 per cent. In the 
nonliving world most mechanical devices are con- 
siderably efficient. Gas 
among the most efficient of man-made machines, 


less turbine engines are 
but they rate at best only about 30 per cent ef- 
ficiency in converting fuel into work energy. The 
relative importance of Warburg’s early discovery 
of the enormously high efficiency of photosynthesis 
under suitable conditions cannot, therefore, be 
overestimated. 

However, on the surface at least, the four-quanta 
requirement still failed to harmonize with the law 
of photochemical equivalence, except insofar as it 
had also been found that the quantum efficiency 
was independent of the wavelength of light, as, 
according to the law, it should be. Within experi- 
mental error, the same quantum efficiency was 
found in the red, yellow, green, and blue, which 
means, of course, that the caloric efficiency has to 
decrease in this order, as the er.ergy content of the 
quanta increases from 43,000 calories per mole in 
the red to 66,000 in the blue. Warburg discussed 





the theoretical implications of his early experiments 
with Einstein, and they agreed at that time that 
the experiments were of such a nature that they 
did not lend themselves to a final rigorous theo- 
retical understanding, since no other photochem- 
ical reaction was known that, when related to a 
single molecule, required more than one quantum. 
Einstein asked Warburg to reconsider the matter 
with him should he ever succeed in finding an 
underlying one-quantum process such as both men 
intuitively felt must occur. 

For fifteen years Warburg’s quantum require- 
ment of four was widely accepted. Beginning in 
about 1935, however, theoretical objections were 
raised, because attempts to postulate a detailed 
chemical mechanism by which one molecule of 
carbohydrate could be formed even with as few as 
four quanta continued to prove unsuccessful in the 
light of the then known biochemistry. Whereas 
Einstein in 1923 had looked for some minimum 
quantum requirement of much less than four, later 
theoreticians came to insist upon a minimum 
quantum requirement of much more than four. On 
the heels of their objections came apparently sub- 
stantiating experiments to back them up. Several 
groups of workers, in attempting to repeat War- 
burg’s experiments, were either unable, or thought 
they were unable, to obtain the high efficiencies 
found by Warburg. Their results suggested an over- 
all quantum requirement of at least 10-20 or even 
considerably higher, as opposed to Warburg’s find- 
ing of four. Warburg’s results eventually came to 
be considered, by most of the workers in the field, 
as much too good to be accepted, as testified to by 
an extensive and impressive literature. 

In 1948 Warburg accepted an invitation to come 
to the United States and work with an American 
photosynthetic team at the University of Illinois, 
for the purpose of resolving the experimental as- 
pects of the quantum problem once and for all. 
His six-month appointment at Illinois ended, how- 
ever, without any agreement as to what constitutes 
the least quantum requirement for photosynthesis. 
Fortunately, the Public Health Service was able 
to have Professor Warburg come to work for six 
months at the National Institutes of Health in 
Bethesda, Maryland. It was during this period that 
re-establishment of the quantum requirement of 
no more than four was finally effected. Substantiat- 
ing data were added to the validity of Warburg’s 
earlier findings and new techniques were devel- 
oped that preclude all earlier criticisms of the ex- 
perimental methods used.?~* 

Although the four-quantum requirement was 
now definitely re-established, the fundamental 
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mystery still remained, as to how four | 
quanta could cooperate to yield high-ener; 
hydrate in a manner that was in harm 
Einstein’s photochemical equivalence |. 
single quantum of red light furnishes some 40.9 
calories per mole, where do the missin; 70.000 
calories (110,000-40,000) come from? It was 
clear that some unknown principle of nature mys 
be involved that would solve this “quantum ridd} 
of photosynthesis” in a special manner. The answer 
to this riddle was finally obtained late in 1950 jy 
continued joint investigation carried on in Berlip. 
Dahlem.*'” 

It was found that, by intermittently illuminating 
Chlorella with suitably rapid alternation of igh: 
and dark intervals, one can experimentally sep. 
arate the true photochemical process from the over. 
all photosynthetic process, and, moreover, a simple 
fact was discovered that had eluded all previous 
investigators—when the light is turned off a ver 
large amount of oxygen over and above basal res. 
piration disappears. When light and dark intervals 
were alternated every ten minutes, the customar 
over-all quantum requirement of three or four 
was observed. When, however, the intervals of light 
and dark were made shorter and shorter, down 
to the order of one minute each, the oxygen pro- 
duction per quantum absorbed progressively in- 
creased in the light periods, as did likewise the 
oxygen consumption in the dark periods, in near\ 
but not quite equal amounts. At least a tenfold in- 
crease in oxygen uptake in one-minute dark periods 
was obtained following one-minute periods of light 
of sufficient intensity. It thus became obvious that 
the actual photochemical reaction is only detect: 
able under conditions of rapid alternation of light 
and dark intervals. and why it had never been ob- 
served under conditions of continuous illumination 
The oxygen consumption in the back reaction pre- 
vented one from seeing the full magnitude of th 
forward photochemical production of oxygen. Thi 
over-all process of photosynthesis clearly consists 
of two different reactions which interlock cyclically. 
and normally hide each other. One reaction 1s 
photochemical and proceeds in the light alone, and 
the other is a chemical oxidaticn reaction that goes 
on not only in the dark, but as further experimenta- 
tion showed, in the light also. 

Now, most interestingly, when the one-minut 
light and dark intervals were employed, and th 
increased oxygen uptake in the back reaction added 
as a necessary correction to the oxvgen production 
in the photochemical reaction, the quantum It 
quirement was found under optimal conditions | 
be one. That is, in the limit, for each quantum o! 


“enero 
Carbo. 
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ight «. »sorbed one molecule of CO, was picked up 
and oie molecule of oxygen was liberated. Here, 
was the one-quantum reaction that Einstein 
ticipated nearly three decades before, the 
\ked-for unknown principle, the solution of 
ntum riddle. Every light quantum absorbed 

accomplishes the transformation of one 
molecule of carbon dioxide as the theoretical con- 
cept of the photochemical equivalence law requires. 
At the same time, the other laws of thermodynam- 
ics, notably the first and second, are not set aside 
either, for the organic substance that develops in 
the light reaction is not kept entirely for the plant 
but as fast as it is produced it is burned again in 
part back to carbon dioxide and water in a “dark 
reaction.” In this combustion, however, useful 
energy is trapped in chemical bundles, as outlined 
earlier in Schema A. This gain of useful energy 
makes it possible that in the next illumination one 
light quantum can again fix one molecule of carbon 
dioxide. The energy of the dark reaction is used 
to restore the catalytic plant system to its initial 
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state. 

The experimental data make it clear that for each 
molecule of oxygen liberated per quantum absorbed 
in the photochemical reaction, two thirds or more 
of such oxygen reacts back to yield some “two 
thirds” of a molecule of carbon dioxide. Thus, when 
a complete cyclical process has taken place, the light 
reaction has brought a gain of substance corre- 
sponding to the quantum energy accepted, and the 
dark reaction again reduces this gain back to about 
one third. Now it can be seen where the 70,000 
missing calories come from; they are produced in 
the dark reaction through combustion. The energy 
yield in the complete cyclical process is observed to 
amount to at least 65-80 per cent of the absorbed 
red light; hence both phases of the cyclical proc- 
ess must work with a high degree of efficiency. 

The results of the foregoing investigations show 
that in the mechanism or pathway of carbon-dioxide 
fixation in photosynthesis, water as such is not an 
initial reactant; otherwise a quantum containing 
110,000 calories per mole would be required per 
O, produced, which is not the case. To fit the ob- 
served quanta value of 43,000, the initial reactants 
must involve in addition to CO, a substance which, 
unlike free or simple hydrated water, is already 
energy-rich to the extent of some 70,000 calories 
per mole, so that only one additional quantum is 
needed to raise CO, to the approximate level of 
carbohydrate, with liberation of equivalent Os. 
The experimental data (to be given in detail later) 
indicate that this photosynthetic substrate must con- 
tain chlorophyll, in such form as it occurs in the 


October 1951 


plant. To such chlorophyll may indeed be attached 
H and OH groups that are structurally even if not 
energetically equivalent to H,O. The replacement, 
in due course, of such H and OH groups from water 
must take place during the dark, restorative re- 
action. From the standpoint of mechanism, water 
enters into photosynthesis not in the light reaction, 
but more immediately in the dark reaction. The im- 
mediate energy for the splitting of water comes 
from the combustion energy of the dark reaction, 
as in so many reactions of general biochemistry and 
chemosynthesis. 

We may now write the following schema of the 
photosynthetic cycle, in which Chl represents the 
chlorophyll complex before illumination and Chl’ 
the chlorophyll after alteration by illumination. 
Chl’ is restored to Chl by the back reaction, at the 
expense of energy derived in the chemosynthetic 
reaction involving consumption of O, and product. 


ScHEMA B 
Photosynthetic Energy Transformation Cycle 
I. PHOTOPHASE 


+ 1 quantum (~ 40,000 calories) 


Chl’ + O, + product 
CO. + Chl (carbohydrate 


or near 
equivalent) 
II. CHEMOSYNTHETIC PHASE 
(Combustion; resynthesis of Chl) 
(~ 70,000 calories ) 

A few amazingly simple differential equations 
give the clearest and most exact statement of the 
underlying processes.” '* The three following dif- 
ferential equations may be integrated to yield lit- 
erally scores of equations that predict and describe 
the rate and efficiency of photosynthesis under a 
great variety of conditions, as will become evident 
later. These differential equations express the main 
facts known concerning Schema B. 
dO:_, Chi _dChl’ 
dt J Chl, dt 
II. CHEMOSYNTHETIC COMBUSTION 

d Chl’ - 
dt 


d Oz 


I, PHOTOPHASE: 
PHASE: 

=— k Chl’ 

E d Chl’ 3 


where J is the unit number of quanta (cmm) ab- 


sorbed per unit time ¢ (minutes), O., Chl, and Chl’ 
2.7 x 10"° 


are likewise expressed in cmm (1 cmm 
quanta or molecules, respectively), and Chl, = 
Chl + Chl’. Only light that strikes Chl is converted 
to chemical energy to produce O,; light that strikes 
Chl’ is wasted as heat. In the back reaction, k is a 
(first order) rate constant dependent upon temper- 
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ature, and E may be defined as the fraction of O, 
required to restore the system to its initial state (in- 
cluding Chl’ — Chl). 

The publication of these results in 1951 repre- 
sented a climax in the history of the field of photo- 
synthesis. The outstanding problem underlying the 
quantum mechanism, which had baffled both Ein- 
stein and Otto Warburg over a quarter of a century 
ago, was solved. 


Some Technical Consequences of the 
Photosynthetic Cycle 

In the preceding section of this paper we have 
been concerned with the maximum efficiency 
(minimum quantum requirement) of photosyn- 
thesis under the best possible conditions, involving 
low or, at most, moderate light intensities. In this 
section we shall deal with the more practical prob- 
lem of the rates and efficiencies of photosynthesis 
at very high light intensities, and the marked effects 
of high-speed intermittent illumination (rapid al- 
ternation of light and dark periods). It is neces- 
sary to treat these problems mathematically in or- 
der to integrate the various opposing influences 
that operate simultaneously; the calculus of New- 
ton, like his Opticks, is unavoidable. 

Whereas, in continuous illumination of low in- 
tensities there is a direct relationship between the 
oxygen produced and the quanta absorbed 
(quantum efficiency), at high light intensities this 
relationship is masked, since an overwhelming 
number of quanta are absorbed and wasted as heat, 
because the system, now overtaxed, can no longer 
utilize them. A direct measurement of the quantum 
efficiency at high intensities of continuous light thus 
bears only a very indirect relationship to the quan- 
tum efficiency of the underlying photochemical 
process. At high light intensities where the rate- 
limiting reaction is the dark back chemical reac- 
tion, the observed quantum requirement is only the 
manifestation of a very inefficient machine, and is, 
in absolute terms, of almost no interest. However, 
we shall show that maximum yields can be obtained 
even at high light intensities if the proper type of 
intermittency is employed. 

In order to understand quantitatively the true 
significance of the photochemical mechanism at 
saturating light conditions, it is advantageous to 
employ the following integrated Equation (4) that 
can be derived from the differential Equations (1), 
(2), and (3). Equation (4) applies to the constant 
steady-state rate attained after an induction period 
that lasts no more than several minutes after the 
illumination schedule is begun, whether the sched- 
ule be continuous or intermittent in character. If 
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AL is time of a light period in minutes, and 4) 
similarly of a dark period when the intermittent j, 
lumination is employed, then the cmm of 0, pro 
duced per minute of light time is, for any intengiy 
of absorbed light (J) and any value of AL or gy 
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In order to make practical use of Equation (4 
let us consider various limiting cases. In continuo 
light, where AD = 0, 
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If one plots the rate of O, production against | 
one obtains the rectangular hyperbola of the typ 
illustrated in Figure 1. Here for simplification we 
have plotted as ordinate “cmm O,/1’ light/cmy 
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Fic. 1. Hyperbolic relation between oxygen producti 
and light absorbed per minute. 







Chl,” in order to express the results more conver: 
iently in terms of unit Chl, quantity (cmm). In thi 
graph, k is 8 reciprocal minutes (8 min“ = 8/6 
sec-'), which means that the average time for cot: 
version of Chl’ to Chl ¢,, = 2.3 log (2/1) /8 = 0.06 
minute, or 5.2 seconds, and the time for 90 per cet 
completion of the back reaction is ty = 2.3 lo 








_ 
vithout 








: 0 not 
(10/1) /8 = 0.288 minute or 17.3 seconds, and, si). 45. 
ilarly, twice as long for 99 per cent completion. / al ni 
is .75, so that 1/(1-E£)=4=1/¢, the quantur hed 3 
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pbout .70 to .80 in acid medium (¢ = .3 to .2) and 


equirenent at low light intensities where the rate 
f O, production is virtually proportional to the 
‘cht intensity, and where the thermal rate of the 
ak reaction (conversion of Chl’ to Chl) is suf- 
ciently rapid, relative to the forward light reaction, 
o convert any Chl’ formed back to Chl fast enough 
to prevent any quanta from being absorbed by Chl’ 
nd hence wasted as heat. Here, Equation (6) re- 


uc es to 
cmm O, 


~! 





Tiighitime ¢ “'~*)- 
At about 0.5 on the ordinate scale (one fourth the 
naximum rate of 2), the curve begins to bend quite 
joticeably, signifying that the O, production per 
nit of light (i. e., the efficiency) begins to fall off 
sthe back reaction now begins to become limiting. 
[his bending continues up to the limit of the “light 
aturation” rate, where the ratio Chl/Chl, becomes 
ery small, and the ratio Chl’/Chl, approaches 
inity, and Equation (4) reduces to 
cmm Os. . ; : 
Y Feit Gare =k Chl, (1-£). (8) 
er unit amount of Chl, (1 cmm), this rate is sur- 
risingly uniform in nearly all plants. The contin- 
ous saturation rate of photosynthesis at very high 
ight intensities (and CO, concentrations) as re- 
ported in the literature for Chlorella is of the order 
f 2cmm O,/minute/cmm chlorophyll at 25° C. 
In their extensive classic work with a great variety 
f higher green plants of different ages and physio- 
ogical conditions, Willstaetter and Stohl’* found 
alues ranging almost entirely between 2 and 6 
mm of O./minute/cmm chlorophyll at 25° C. 
The constants in the curve of Figure 1 are most 
eadily determined by plotting reciprocal of rate 
bgainst reciprocal of light intensity,’® *® as illus- 
rated in Figure 2. The slope of the line 1/(1 —£) 
ives directly the true quantum requirement of the 
hotosynthetic cycle over the whole range of light 
ntensity; the masking by the high light intensity 
eferred to earlier is eliminated in this type of plot. 
he ratio of the slope/intercept is k Chl,. The de- 
ermination of k and E in the manner indicated in 
igures 1 and 2 is possible because these graphs are 
ased not only on knowledge of amount of chloro- 
hyll but also in particular upon knowledge of the 
thsolute units of light absorbed (jJ). Virtually all 
light intensity” curves in the literature have been 
nade with relative incident light intensities, and 
vithout indication of chlorophyll content, and so 
to not lend themselves to deriving stoichiometric 
elationships between reaction participants. In gen- 
tal, under optimum conditions, E lies between 
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produced and reciprocal of light absorbed. 





.88 to .92 in carbonate-bicarbonate mixture at pH 
9 (d=.12 to .08). 

The Blackman reaction rate constant, k, is of the 
order of 5-20 reciprocal minutes at 25° C in acid 
medium. At higher temperatures, at pH 9, and in 
other species of algae and higher green plants, k 
may be severalfold greater. Much larger values of 
k at 25° C are, however, widely but erroneously 
given in the literature, ranging up to the order of 
10,000 minute™, corresponding to dark times of ap- 
proximately .01 to .02 second observed to be re- 
quired for completion of the dark reaction in high- 
speed intermittent (flashing) light. This conclusion 
was reached by alternating periods of light and dark 
at high speed. For a given light period of 10 
second it was noted that as the dark period was in- 
creased the rate of O, production per light flash 
increased up to a point, but that increasing the 
dark time beyond this point resulted in no further 
increase in O, production.’? This maximum dark 
time was consequently interpreted as the time re- 
quired for the completion of the dark reaction. 
When the observed maximum dark time was of the 
order of 0.01 to 0.02 second (approximately 0.0001 
min), it was concluded that 1/k was of this mag- 
nitude, or k = 10,000 minute~. As we shall see, the 
significance of such dark times and the correspond- 
ing value of k must be entirely reinterpreted in the 
light of inevitable mathematical consequences of 
intermittency heretofore never worked out. The 
results of such a mathematical analysis suggest that 
it should be possible to develop not only labora- 
tory but eventually practical methods for obtain- 
ing high efficiencies of photosynthesis at high light 
intensities. 

If the maximum dark time does not yield the 
value of 1/k, what does it give? Before we can 
answer this, the concept of maximum dark time 
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must be more closely defined, since in theory (cf. 
Fig. 1), although there is a maximum rate of 
oxygen production per light minute which cannot 
be exceeded no matter how long the dark period, 
there is, strictly speaking, no maximum dark period. 
Consider the rate of oxygen production in contin- 
uous light, say Oz,4p_o), and the rate for any speci- 
fied dark period AD, say Oozap. Call their ratio Rap. 
a Ocasp (c 
Ret aa . 
Then Rap has a maximum value, say Rmax. We may 
then define the dark period AD precisely by refer- 
ence to the relationships between Rap and Ryax. 
The relationship we shall use is the ratio 


Rimmax — Ran 


Rmax— 1 
If we select a dark time, AD, for which this ratio 
has the value 0.63 (more exactly, 1 — e~*), then this 
dark time (which we shall refer to as the 63 per cent 
dark time) is exactly 


1-63 e~* (1 +7 em) 4 
Now suppose one has so high a light intensity that 
Te ie 
en F(A ren) A 


can be treated as equal to zero (saturation/flash) . 


A Dig = —- t loge 


Then AD so defined is equal to — log, 


(1-—0.63)=—. The 63 per cent dark time is thus 


equal to 1/k if and only if one has saturation per 
flash. Consider now the other extreme, in which 
light intensity is so low that e~* (1+7¢7;) AL 
can be treated as equal to unity. (With AL as low 
as 10° second, as in some work,*’ this would be 
true even with an extremely high value for /.) 
Then the 63 per cent dark time is equal to 
ie 10.63 _ 


p dtge 5a =O. 


1- 0.63 

The 63 per cent dark time observed may conse- 
quently vary from zero to 1/k, its value depending 
entirely upon the amount of light given per flash. 
Only with saturation per flash can the observed 
dark time be equated to 1/k, and in practice this 
condition has never been realized in previous work, 
all statements to the contrary notwithstanding. 

In high-speed intermittency or flashing-light ex- 
periments, in which AL and AD are small (frac- 
tions of a second), Equation (4) reduces to 

emm Oz _ J(1-E)(1+AD/AL) 
CS ee Pare one 
ee At Orr Re 


(10) 


At low values of J this reduces again to ]\ | ~ F 
as in continuous light, so that intermitten: results 
in no improvement in yield at low light ini nsitie: 
At sufficiently high values of J, however, Ex uatioy 
(10) becomes 

Tinea k (1—E) Chl, [1+AD/AL 1 
Since the rate in continuous light of saturating jp. 
tensity is, from Equation (8), k(1—£) Chi, inter. 
mittency here results in an improvement in yield 
equal to k(1—E) Chl, (AD/AL), or, on a per- 
centage basis, 100(AD/AL) per cent over th 
continuous light yield. Thus, with AD/AL =|. 
a maximum limit of 100 per cent improvement iy 
yield per unit of light would be obtainable at th 
highest light intensities, as first observed experi- 
mentally by Warburg in 1919.1 With AD/AL =4. 
the limit would be 400 per cent, as approximated 
by Emerson and Arnold in 1932** experimentally, 
without knowledge of the mathematical inevita- 
bility involved. So long as AD and AL are su- 
ficiently small (the intermittency sufficiently rapid), 
there is no limit to the increase in yield per unit 
light that can be attained up to (1 —£), no matter 
how high the light intensity. Also, no matter how 
high the light intensity used, one can always select 


an intermittency (always provided that AD and 
AL are sufficiently small) that will give a quantum 
yield that approximates (1 -—£) as a maximum. As 


can be seen from Equation (10), the quantum 


yield for any J and any such intermittency is 


AD 
jim | 
= 4. (1 + ag 
kKChlh \ AL 
By taking AD/AL sufficiently large the second 
factor can be made to approach unity, no matte! 
how high /. 

The ratio AD/AL can thus be varied so that 
for any light intensity one can obtain a maximum 
yield (1-£), provided that the cycle of intermit- 
tency is sufficiently small. The same yield, (1 -£), 
could be obtained at a given value of J by inter 
posing a neutral filter whose transmission 
AL/(AL + AD) 

On the other hand, if the ratio AD/AL is such 
that a yield poorer than (1—£) is obtained then, 
correspondingly, a neutral filter whose transmission 
is AL/(AL+AD) would give the same _poort! 
yield. This relationship between neutral filters and 
high-speed intermittency holds for all portions o! 
the light intensity curve. Thus, for example, the 0: 
production with a one to three sector (1 AL/3 AD 
rotating at sufficiently high speed approaches thi 
O, production obtained with a neutral filter whos 


THE SCIENTIFIC MONTHL‘ 





trans 
effect 
or, as 
“Ligh 
temp 
that 
time 
pass ID 
The 
photos 
ing-lig! 
extrem 
period: 
it had < 
chloro} 
ductiot 
lations 
light he 
synthet 
was all 
suppost 
produc 
perime 
not cle 
definite 
from a 
tion of 
tral filt 
ments, 
was onl 
ng con 
tinuous 
per tir 
tion wa. 
tion of 
have be 
AL/(Al 
sion. C; 
dicate t 
phyll m 
The sug 
molecul 
both th 
ing the 
phyll te 
mental 
explana 
large y 
ducing 
ineffici 
must be 
init oh: 
chlor. p! 
inadequ 


Octot r 


sion is 25 per cent [AL/(AL+AD)]= 

In the limit, high-speed intermittency 
, time what a neutral filter does in space, 
umbrated by Newton (Opticks, Defin. I), 
“Light consists of parts both Successive and Con- 
temporary, because in the same place you may stop 
that which comes presently after; and in the same 
time you may stop it in any one place, and let it 
pass in any other.” 

The number of chlorophyll molecules in the 
photosynthetic unit. In the aforementioned flash- 
ing-licht experiments in which the light flashes were 
extremely short (10-° sec) compared to the dark 
periods taken for completion of the dark reaction, 
ithad also been calculated that approximately 2,500 
chlorophyll molecules were involved in the pro- 
duction of one molecule of oxygen.*? These calcu- 
lations were based on the assumption that enough 
light had been given per flash to saturate the photo- 
synthetic process, and, when sufficient dark time 
was allowed between flashes, the output of O, was 
supposed to have given the maximum ratio of O, 
produced per molecule of chlorophyll. In these ex- 
periments, however, saturating light intensity was 
not clearly demonstrated, and later experiments*® 
definitely showed that saturation was, indeed, far 
from attained. One has only to recall the explana- 
tion of high-speed intermittency in terms of neu- 
tral filters to understand the result. In these experi- 
ments, the rate of O. production per time elapsed 
was only about one sixth that of the rate in saturat- 
ing continuous light. This means, in terms of con- 
tinuous illumination, that the total light supplied 
per time elapsed during the intermittent illumina- 
tion was insufficient to exceed the light-limiting por- 
tion of the intensity curve; the same result could 
have been attained with a neutral filter of about 
AL/(AL + AD)= 10-°/(10-° + 10-*)= 10° transmis- 
sion. Calculations based on these considerations in- 
dicate that in each flash only 1/250 of the chloro- 
phyll molecules were hit by, and absorbed, quanta. 
The suggested chlorophyll unit of 2,500 chlorophyll 
molecules/O, molecule produced has prevented 
both theorists and experimentalists from discover- 
ing the true stoichiometric relationship of chloro- 
phyll to O, production, and is devoid of funda- 
mental physical significance. As a result, the various 
explanations of the observed ratio in terms of a 
large “photosynthetic unit,” limited number of re- 
ducing centers, or insufficient stabilizing enzymes 
inefficient back reaction) are thus irrelevant and 
must be discarded. The apparent photosynthetic 
unit observed, of the order of 2,500 molecules of 
chlorophyll, is an artifactual expression of highly 
adequate light provision per flash, which pro- 
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vision should have been at least a hundred times 
greater for true (greater than 95 per cent) satura- 
tion in each flash. With sufficiently high light ab- 
sorption (J), the required dark times would have 
been of the order of 5—10 seconds. We have found 
experimentally in intermittent as well as in con- 
tinuous illumination that the maximum ratio of 
chlorophyll to oxygen produced actually can ap- 
proximate | or 4, depending upon whether one 
is considering the photochemical process or the 
over-all cyclic process, as will be indicated. 

As one can see in our differential and integrated 
equations, the amount of chlorophyll has been em- 
ployed as a variable. This is by no means arbitrary, 
although no proof has been presented up to this 
point of its actual stoichiometric relationship to O. 
production in photosynthesis. One might justly 
qualify the significance of the aforementioned k 
value of the order of 5-20 minute“ in view of the 
fact that this value depends in our various equations 
on the amount of chlorophyll. Because of this fact 
a method for determining k which did not involve 
knowing the amount of chlorophyll was required. 
Such determinations were carried out by two dif- 
ferent procedures. First, k was estimated as to order 
of magnitude by bringing cells to compensation of 
respiration (zero pressure change) with diffuse 
white light, then illuminating for 1-3 minutes with 
a known added amount of light of an intensity that 
gave a maximum quantum requirement of 1/ 
(1-£) =4 for the over-all cycle when it was com- 
pleted; then turning the light off, and following 
the time course (decay curve) of the back dark re- 
action in an approximate manner, limited by mano- 
metric equilibration times. The equation for the 
amount of O, produced by any time, t, during a 
light interval of duration AL is (t = AL),® 


emm O:= J (1-E) +=! (1-—e**), (12 


whereas the O, present after any time AD of 
dark is’* 


cmm O2= K e*A?, Ci2") 


where K is the value of (12) at the end of the 
light period—i.e., Equation (12) with AL sub- 
stituted for t. Observations made in connection 
with Equation (12’) gave k values ranging between 
2 and 20 minute. Such a determination of k is 
independent not only of the knowledge of amount 
of chlorophyll but does not require the use of satur- 
ating light, nor indeed is this desirable. The same 
may be said of the following more accurate, analyti- 
cal method that was then worked out on an entirely 
different procedure. 


From Equation (4) an implicit solution for k 








was derived which did not involve an actual knowl- 
edge of the amount of chlorophyll, except insofar 
as was contained in the expression k Chl,, which 
group term could be evaluated by several methods, 
one of which is illustrated in Figure 2, provided J 
is known (which it should be in nearly every good 
experiment nowadays, since suitable actinom- 








utilizing some form of intermittent illumin:tio 
along lines suggested in this report. For example. jf " 
one wished to produce a food crop of algae ond 37, 56( 
might design a flow system that would pass tha? - 
algae in and out of continuous sunlight of high * sa 
tensity, and in this way increase the algal producfili), War 
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tion per unit of light by a type of intermittenc™ 134 (1 
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eters” ++ 1% 1° have become available). The implicit provided by the moving algae themselves, which it. ane 
° ° . . - . ° sions O 
equation is would obviate the necessity of turning light on andl Biol: 
on Car 
74 i (1 J )an| press 
L~¢ k Chie pr 
J 
R--1)(1 ) AL 
bt) + a 
O.(cmm/min) with adequate AD (intermittency) = J(1-E£ 
where R - —— : : 
©.(cmm/min) in continuous light 
The experimental problem was to evaluate R, off or of wasting continuous light during blocked 
which was done in the following manner. A light off dark periods. Also, it may be that a thoroug! 
intensity was chosen on the intermediate bending investigation of the characteristics of the rate con 
portion of the intensity curve (Fig. 1) that yielded stant k of the dark (Blackman) reaction that limit 
1/p= 10 in continuous light. Flashes of this light the rate of photosynthesis at high light intensiti 
were given for one-second duration, and quantum (such as it often does under conditions of brigh 
requirement determinations were made with in- sunlight) might yield methods for marked.y in 
‘reaac r arbl > > oY AC AVE « ° rma e ° ‘ 
eae — pat ei “Sh 4 creasing k. This, in turn, would allow one to in- 
imiting yield o = 4, was evaluated from , . 
E BY! ates sg , , P vara 4 crease the crop production per acre in nearly th 
‘quation (14) by using the rates of oxygen produc- ; ; 
“4 : ) Dy P wi . at P ng . ae ? same proportion as k could be increased. 
tion per minute o 1g e tor e conditions ° : . 
1/4 vl % 10. at tm , “ t . An understanding of the basic mechanism of 
24 - 10, giving such an experi- ; aes 
? “9 ‘9 5 It sae ” . * an €XPetl- photosynthesis holds promise not merely of increas- 
ment a value OF 2.J. e data o 1e experiment . : . ras i | 
the data of t I ing food production per unit of light, but of tha 
just described were plotted in the form 1/O, snes rma —— aa, 
meal ; e : utilization of solar energy in many other ways ag 
against AL/(AL+AD)= fraction of light time, atl "Thus tf Ps . aan ' 
Petes ye ; well. Thus, if the photosynthetic process by whic! 
then the slope 1/k(1-—) Chl, divided by intercept iia sil aia Baia fon tals a 
; . < it ‘energy quanta are combined to yield high 
1/J(1-E) gave J/k Chl,. When R, ]/k Chl,, and SY 4 P age 
oh . ‘ ' energy carbohydrate were simulated, it might b 
AL were substituted in the equation, the im- bg ; 
re . ae ; - possible to break water down directly to hydroge 
plicit solution for k yielded values between 5 ' : , ; 
0 mi seen : : _ gas with sunlight. Such a process would eliminat 
and 20 minute’. The agreement in the k deter- i ie 
ak ; mankind’s present dependence on_ exhaustibl 
minations by the methods dependent upon a ‘ig aloe f Id sul 
4 supplies of natural gas for energy, and would sul 
knowledge of the amount of chlorophyll and the ‘PI 6° vad he 
i oy ig -  §titute a photochemical process giving hydroge! 
methods requiring no knowledge of the amount of . , 
; ; rare = gas that could be made in any part of the work 
chlorophyll clearly shows a simple stoichiometric  ‘ : an, d 
pre Pr er, possessing water and sunlight. Similarly, now tha 
relationship of the order of 1:1 between molecules My ae , 
‘ ; : the forward photochemical reaction in _ photo 
of chlorophyll and molecules of O, produced in “i SC 
: , 4 synthesis is definitely known to be a one-quantu! 
the photochemical process, and thus of 4:1 in the og fase rete , 
i. i ; noe process, a theoretical investigation of the dire 
over-all cycle under optimum conditions. What ; ' whe 
; ‘ ‘ conversion of sunlight to electricity is possible 
could be simpler than that nature, in harmony with wi oe ; ? - 
- ‘ . The laboratory fission of uranium revealed thi 
Einstein’s photochemical equivalence law, has one oye anaget Pys nates 
- possibility of utilizing the binding energy of thf 
molecule of chlorophyll absorb one quantum of . a , 
, . mer atom. Basic understanding of the photosyntheti 
light to reduce one molecule of CO, and produce : 
> mechanism at the laboratory level may open ne\ 
one molecule of O,: pera Rigen Voi. ; ; pai 
possibilities of utilizing another vast and large! 
. . . os untapped source of energy—sunlight. 
The foregoing technical account of conditions PI 8} 6 
necessary for maximum efficiency at both high and Rebrrcuces 
low light intensities presents many interesting Pos- 1. Warsurc, O. Uber die Katalytischen Wirkungen ¢ 
sibilities for practical application. Engineering Lebendigen Substanz. Berlin: Julius Springer (‘928 
; 9 ‘ S ne 99 OAC 
methods of food production may be developed to 2+ BURK, D., et al. Science, 110, 225 (1949). 
ip : Shs 3. Warsura, O., et al. Arch. Biochem., 23, 330 ; 
make far more efficient use of solar radiation by 1. Warbure, O., and Burk, D. Ibid., 25, 410 (195! 
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Out of the trees and the starlight that the river of time has whirled, 
The mind has grappled for meaning on the highways of the world. 
His is the wind and the plover, the sand that the ocean wets, 

The work of the forest and mountain, the sun on the spider nets. 


So think of it never as ended, burned for a moment’s space 

But fed on the thrust of the river and the lightnine’s veering trace. 
Mind is as real as the dawnlight, and the sound in the ocean’s shell 
The blood, the urge, and its thoughts that have known the cosmic spell. 


Bearing the eternal thunders in the meshes of a brain, 

One goes as the strong in awareness, to speak of the flewer and the rain. 
He counts the good and the bitter; he feels the sky’s new thrust, 
And he is the rock and the thistle, the voice that is risen from dust. 


Uctober 195] 


DANIEL SMYTHE 





The Fibonacci Series 


The author is a graduate of Middlebury College and of Syracuse Uni 


JOHN CRAWFORD PIERCE 


fs 
ersity 


He has been a public school teacher in Connecticut, Massachusetts, and Ver. 

mont, a metallurgist for Jones @ Lamson Machine Tool Company, and is nox 

professor of natural science at Goddard College. Extracurricularly, he served 

on the Vermont Committee for Stream Purification and is still interested in tha 
field. He is a past president of the Vermont Mineralogical Society 


OMETIME before the year 1220, an in- 

spired Italian mathematician stumbled onto 

a series of numbers the full implications of 
which are still being uncovered. Our hero bore the 
various names of Fibonacci, Leonardo of Pisa, and 
The Blockhead. The Fibonacci series is no more 
than a simple little doodle with numbers, yet it 
holds some rather piquant truths, important to a 
wide range of men. These range from artists, bot- 
anists, and designers to yachtsmen, Yalemen, and 
zoologists. 

The mathematics of the early thirteenth century 
presents a strange mixture of practicality and im- 
practicality. Much of what Fibonacci did was 
impractical, being mainly concerned with the re- 
lations of numbers with each other, rather than 
with the application of mathematical principles 
to everyday problems. One of the few times he 
asked himself a practical question, his answer hit 
the very jackpot of practicality, touching as it 
does so many fields, as will be apparent. He asked, 
“How many rabbits will result in a given time 
from one normally prolific pair, if we know the 
length of each generation?” The old manuscripts 
do not tell us whether his answers checked experi- 
mentally. In those days, the best brains did not 
indulge in experiment, preferring to leave that 
sort of thing to the rabbits. But in order to arrive 
at his hypothetical answer, he set down a series 
like this: 


1 plus 1 equals 13 plus 21 equals 34 

code 15 tau 2 2 oe 55 

a : B4. % 85 89 

sein," os o> “* @9 144 

Be ER eo ee 89 “ 144 233 
8 13 a 21 144 “ 233 377, etc. 


“ 


That this apparently indefensible number-doodle 
is really the product of some sort of inspiration, we 
shall presently see. In the meantime, we take leave 
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of Leonardo Fibonacci Pisano himself. He reall 
had something there but, like the Norse discoverers 
of America, he didn’t know it. 

We shall build on the simple Fibonacci series a 
mathematical structure, following a long line of his 
successors. The chronology of this development 
since 1220 is complicated, so we shall select onl 
those parts that will advance the idea here being 
considered. If we set up the terms of this series 
as ratios, or fractions, and put them into two 
columns, alternately, and express the results as 
decimals, we get this: 
equals 1.000000 (2) 


equals .500000 


(I) 1 


.666667 600000 


.625000 


615385 


.619048 617684 


618182 55 617978 
89 
618056 144 


(11) 89 
144 233 


618026 


Now, you see the results in the first column get- 
ing smaller and smaller, whereas the results in the 
second column get larger and larger. They seem 
to be tending toward some number as a meeting 
place. If we took enough terrns of the series to 
start with, we would find that the number they are 
both heading for is .618034. And that number 1s 
something to conjure with. 

If we draw a rectangle the sides of which are 10 
the ratio of .618 to 1, it looks like Figure |. (We 
can knock off the 34 millionths, to keep it simple. 
This rectangle has several remarkable properties, 
both acsthetic and mathematical. It has 
shown by several psychologists to be the rectangle 
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Ficure_ 1. 


most pleasing to the eye. Its proportions are there- 
fore used by designers wherever practical, for 
everything from fireplace openings to billboards. Its 
mathematical peculiarities depend on the fact 
that the Fibonacci series can be arranged as a 
continuing fraction. Thus, if we made our rectangle 
with proportions of 1.618034 to 1, instead of 
618034 to 1, we would get a figure of the same 
shape and proportion. From this it may be seen that 
1.618034 multiplied by .618034 will give unity. 
Thus we lead into the next step, which is to take 
a perfect square out of our rectangle, and have 
left a rectangle of the same proportions, as in 
Figure 2. 

You can pull that trick only on a rectangle of 
these proportions, and there is left always the simi- 
lar remainder. It is simple, therefore, to pursue 
the matter until the space becomes too cramped, as 
in Figure 3. (Does this begin to suggest a modern 
linoleum floor? If so, it is because these proportions 
are frequently used in design.) 

With one more step we can begin the discussion, 
as the professor puts it. We can swing a curve 
through all the little boxes, from the inside out, as 
in Figure 4. The result.is a logarithmic spiral. This 
is but one of several ways of arriving at such a 
spiral, but this way was used here because of the 
biological importance of both the numbers and the 
Curve, 

The logarithmic spiral is one of the most basic 
things in nature’s architecture. Longitudinal sec- 
tions of many snail shells show that snails have 
used this plan. The chambered nautilus has, too, 
and goes the gastropod one better by having all 
his chamber walls, or septa, also on that curve. 
A breaking wave follows it almost exactly. Beaches 
with an outside curve, like Sandy Hook or Cape 
Cod, show it. F. H. Chapman, of the Swedish 
Marine, showed in 1796, that the best form for 
anchor arms would be sections of a logarithmic 
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spiral joining the shank at an angle of 671% de- 
grees. Minute sea animals, such as the Globig- 
erinae, are forced by their mode of growth to 
follow the curve, as do almost all growing things 
that start from a single cell, at some point. When 
the actual external form does not resemble the 
spiral, the rate of growth may be graphed on the 
same curve, as in bacterial increase. But it is when 
we get to analyzing daisies, sunflowers, and pine 
cones, not to mention artichokes, that we see a 
startling relationship between the curve and the 
numbers from which it is derived. 

If you look closely at a sunflower head, you wiil 
see that the seeds are arranged in logarithmic 
spirals out from the center, and that these spirals 
go in both directions. The shape of the sunflower 
seed must accommodate itself to the space between 
these unwinding lines. If you were to count the 
number of clockwise and counterclockwise spirals, 
you would get numbers that are successive terms of 
the Fibonacci series. Why should this be? What is 
nature up to here? The answers are not yet com- 
pletely known. Incidentally, most average sunflower 
heads have 34 and 55 spirals. Some are found with 
21 and 34, and very small ones show 13 and 21 
spirals. On the other end of the scale, it was our 
erstwhile friends, the Russians, who grew the big- 
gest one. Before the war, they were experimenting 
extensively with sunflowers, which have some food 
value and several by-products, and are easy to 
grow. The Russians published accounts at that 
time of one huge head with 89 and 144 spirals— 
which grew without the help of Trofim Lysenko, 
too. 

Getting back to the curvaceous flowers, daisies, 
asters, and their relatives with compound-headed 
flowers all have the same curious characteristic as 
the sunflower. But there is a further phenomenon 
shown by growing plants with equally impressive 
mathematical consequences. This is called by 
botanists “phyllotaxis,” which refers to the orderly 
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arrangement of leaves on a stalk. If you take the 
stalk of a weed, or indeed of almost any green plant, 
you can see the way it works. Start at the base and 
count the number of leaves as you go up the stalk, 
calling the first one zero. When you come to a leaf 
directly over the first one, you will have some 
number of the Fibonacci series. Furthermore, if 
you count the number of times you had to go 
around the stalk on the way up, that number is also 
a member of the series. If you spiraled from left to 
right the first time, count the turns as you go in the 
opposite direction. If you get a different number, 
that number is also one of the series. And one of 
those numbers will be adjacent in the series to the 
number of leaves you were dealing with at first! 
After you have worked it out on a few simple plants, 
you can try it on pine cones, artichokes, head 
lettuce, onions, and a host of harder and more un- 
likely things. Well, so what? 

Writing in 1880, the botanist Charles Bessey 
described the intricacies of phyllotaxis, with lists of 
the species showing the various ranks up to 144, 
which is seen in the interfloral bracts of Helianthus 
annuus, the Russian sunflower. But then, in a foot- 
note, he committed an error in judgment common 
in those days, but rarely seen in these latter times 
when research seems to have a way of illuminating 
unintended mysteries. Bessey says: 

It is of great importance that the student should not 

regard these spirals as anything more than convenient 
means for describing any particular leaf-arrangement. En- 
tirely too much attention has been given to working out 
all kinds of curious mathematical laws, which are, to say 
the least, absolutely worthless to the morphologist. So 
much has this been done, that the study of Phyllotaxis 
has in some quarters become little more than a species of 
mathematical gymnastics. 
That this discouraging opinion was a mistake is 
shown by the researches of Jay Hambidge, who 
used phyllotaxis, among other things, to help re- 
discover an important prinicple of design that had 
been lost since centuries before Christ. 
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Ficure_ 4. 


Jay Hambidge, around 1900, doing research for 
the School of Fine Arts at Yale, became impressed 
with the apparent incoherence of what was then 
modern design. He was convinced that somewhere 
in nature he could find a correlating principle that 
designers and artists could use to control thei: 
composition and form. His search was a wide-rang- 
ing one, including primitive idols and Gothi 
cathedrals. But, since it was a natural principle he 
was after, he went especially to the actual “origin- 
als” found in nature, and there he found what he 
could use. His results took the form of just two 
types of symmetry, or proportion. The geometrical 
analysis of one had qualities of activity—loci, 
generating figures, and what he called “whirling 
squares,” which were really square-including rec- 
tangles. The other form of symmetry was static. It 
had been employed as a basis of design since the 
end of the Greek classic period by everyone from 
Da Vinci to telephone-booth doodlers, and archi- 
tects and designers had been confined to static sym- 
metry since before Christ. The natural prototypes 
showing this symmetry are such things as radiolari- 
ans, diatoms and desmids, simple flowers, and their 
seed pods. Most mineral crystals show this static 
symmetry. It is probably better known among 
naturalists as radial symmetry. But it is the other 
kind, dynamic symmetry, with qualities of action 
and growth, that is more significant. 

Hambidge found that the basis of the design o! 
growing things like shells, flowers, and leaves was 
also the basis of a method of design in art. His wa) 
of arriving at this basis was both geometrical and 
arithmetical. We know that there was nothing new 
in our knowledge of this association, but when 
Hambidge turned to the ancient man-made designs, 
he made an exciting rediscovery. Having ©s- 
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the analysis of dynamic symmetry, he 
at this kind of design was known to only 
les, the ancient Egyptians and the ancient 
Only the Greeks had made full use of it in 
their art, and then the method had been lost at 
the end of the classic period, before Christ. Our 
friend Fibonacci had later stumbled onto that 
gnall part of it that bears his name. He didn’t real- 
ize that he was close to something more important 
than amusing the court with arithmetic, and so 
the real rediscovery is Hambidge’s. 

Although Greek statues and architecture show, 
upon analysis, dynamic symmetry, it was in pottery 
that it was worked out for moderns. The analysis 
of enough vases, amphorae, skyphoi, and just plain 
pots showed a reverence for geometry on the part 
of the Greeks even deeper than had been suspected. 
By inscribing and circumscribing rectangles around 
the profiles of the vases, using salient features as 
points of reference, rectangles were obtained that 
resembled the .618 rectangle. Other rectangles 
were such that diagonals drawn through them 
would serve several rectangles drawn to the same 
profile simultaneously, locating minor features. 

a simple amphora the number of crucial 
rectangles would be small—only two or three. 
On a more complicated piece of pottery like a 
ceremonial urn the matter would be tremendously 
complicated, with twenty or thirty different 
rectangles and diagonals—but there would always 
be that unity whereby one diagonal would serve 
several functions. A favorite place for an important 
feature of a piece seemed to be where two diagonals 
would intersect at right angles. It was this feature 
{ favoring right angles among diagonals that 
gave Hambidge his clue to the Greek 
Indeed, those old craftsmen very 
clever, and in a way so subtle that the real basis 
forgotten for over two 


tablish 
found t 
two pe 


Greeks 


basis of 
design. were 
of their design was 
thousand years. 

The development of this intricate system of 
design started as early as 3000 B.c. By that time 
there had grown up in Egypt an immensely involved 
system of mathematics, mainly geometry, which 
had arisen from the need to farm 
boundaries each year, after the Nile flood. Obvi- 
usly, between floods the men who possessed special 
‘nowledge of surveying had plenty of time to 
dream up further kinds of mathematical mischief. 
\Ithough this pastime was rather a secret branch 
ol religion, the mathematicians shared some of the 
vest of it with the artisans who were carving 
tombs and temples, and writing poetry in hiero- 
slyphics. Thus, a primitive form of dynamic 
‘ymmetry can be detected in some of these ancient 
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works. That the Egyptians had advanced the 
principle appreciably is shown by their use of the 
pentagon as well as the rectangle as a starting 
point for their diagonals for the location of eye- 
catching features. Then, in the sixth or seventh 
century B.c., the knowledge got across into Greece, 
and the Greeks began to develop it with inspired 
skill. It suited their taste for a link between nature, 
which they worshiped, and mathematics, which 
inspired their thinking, and art, through which 
they expressed their finer feelings. 

Among other things, the Greeks became very 
excited over the Golden Section, which is a way 
of dividing a line into two parts so that the short 
part and the long part have the same ratio of 
lengths as the long part has to the whole line 
This ratio is, ideally, our old friend .618 again, 
but the Greeks didn’t know it by that kind of 
number.) They erected thousands of complicated 
structures on the Golden Section, in triangles and 
rectangles. In the process they even developed the 


Pythagorean theorem, the basis of much of our 
modern mathematics. Euclid wrote book after book 
of propositions, and among other thinkers there 


was a great consciousness of proportion and design. 

Plato, Euclid, and Pythagoras are some of the 
names we all know from that period. ‘Their mathe- 
matics and philosophy were sound enough to stand 
for two millennia, even though spattered a bit by 
a few paradoxes. A goodly company of their less 
responsible followers, however, were carried away 
by the obvious links between nature, mathematics, 
and art, and have sadly gummed up the pages of 
philosophy with fantasy and mysticism, much of it 
declarations the Golden 
Section and Destiny. (These ideas were forerunners 
of the Eddington—Jeans Russell argu- 
ment about God the Mathematician.) It is quite 
possible that this overdoing of a good idea to the 
point of unintelligibility led to the loss of the 
principle to designers of the postclassic period 
But the main fact that stands is a simple one. It is 
merely that the basis of good taste and aestheti 
appeal is the same as the basis of nature—growth, 


unintelligible about 
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vitality, and dynamic symmetry. 

If the shades of those old Greek designers could 
have followed their works of art for two millennia, 
from Roman palaces to French abbeys, from 
Continental to American universities, 
they would have chuckled into the ether, for thes 


would have seen people through the ages really 


museums 


enjoy the beauty of their designs, without knowing 
just why they seemed so satisfactory. One can 
imagine that after Jay Hambidge spilled the beans, 
discovering that they were applying the geometry 





of life itself to their pots and jugs, they might have 
sung a chorus and checked back in at Olympus, 
chanting, “Let the moderns take it from here!” 

The principle has been a little slow to catch on, 
however. Hambidge himself tried to apply it to a 
wide variety of fields, on everything from sculpture 
and painting to furniture and type fonts. But it 
remains little used; it is a difficult discipline, and 
an artist-mathematician is a rarity. George 
Bellows was successful with it, and architects 
sometimes use it. Paul Cezanne, not knowing of it, 
used it unconsciously in places. Paul Feeley, at 
Bennington College, and Leo Katz, at Howard 
University, are enthusiasts for it; little by little 
our artists and designers may yet learn to use 
nature’s ideal. 

The realization of this ideal, used in expressing 
structural form, should enable the designer 
actually to surpass nature, by attaining what 
nature cannot do to minute perfection. Although 
nature’s principles are perfect, stresses and strains 


in the environment lead to imperfect m: 
tions. The artist or designer need not be 

by these difficulties. His result should mi 
underlying principle rather than the 

features, wher the two do not coincide 
behooves him to study nature, who would 
give it expression. 

If you are neither an artist, nor a mathema. 
tician, nor a biologist, you still can indulge 
in the psychology of aesthetics. Eugene Pp 
Northrop, in pointing out the universality 
nature of the constant .618034, asks, of its aesthet; 
appeal, “Is it because we, who are the judges o 
aesthetic appeal, are ourselves a part of Nature?” 
This would seem likely, and’ the idea ought + 
impress Gestalt psychologists. As for the rest of us 
we can continue to relish unabashed the beauty o 
a wave, a flower, a weed, a shell, or even a comely 
figure, remembering that the unifying principle of 
design seen in them all is nature-built into owr- 


yourself 


selves. 
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The author, whose real vocation is linguistics, is a member of the staff of the 
Army Map Service in Washington, D. C. His avocation is the study of the history 
of science, and in the course of a iong vacation in Italy last year he spent some 
time in Florence in enthusiastic pursuit of his hobby. This article is one result. 


F A visitor in Florence is not on the trail of 

paintings and statuary he is likely to be re- 

garded as wanting in taste and discernment. 
Yet Florence and her environs in corners seldom 
visited by the tourist and mentioned only vaguely 
by the rank and file of citizens offer also a mine of 
relics which have beauty for only a few, but which 
nonetheless represent an activity that has had wide 
influence on civilization. These relics are the 
legacy of a man who almost four centuries ago be- 
gan to lay a firm foundation for modern observa- 
tional, experimental, and inductive methods in 
science. This man, Galileo Galilei, although born 
in Pisa, came of Florentine stock, and throughout 
his life he invariably returned to Florence from 
other parts of Italy as if coming home. In 1616, 
for example, he returned from Rome, where he had 
spent several years discussing his telescopic dis- 
coveries in astronomy and had succeeded in calling 
down a warning about the danger to religion of the 
teaching of Copernicus. He settled on the outskirts 
of Florence in a villa at Bellosguardo. 

A view of the villa may be had from the roof of 
the Observatory of Arcetri, especially if one may 
use a telescope. It is large and plain, an oblong 
block on a hilltop. While at Bellosguardo Galileo 
finished his unfortunate work the Dialogo dei due 
massimi sistemi del mondo, where in spite of 
churchly warning he set forth a defense of the 
Copernican system. This book was published by 
Landini in Florence in 1632, and it appeared forti- 
hed by the imprimatur and nihil obstat of ecclesi- 
astical authority. Today’s astronomers at the ob- 
‘ervatory like to show a first edition to visitors and 
to call attention to these signs of license in order 
to prove that when the book came off the press 
there was no prejudice against it. 

Galileo’s last return to Florence was when, al- 
eventy, he came as a prisoner to the house 
celebrated in poetry and history, the villa on the 
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Via del Pian de’ Giullari in Arcetri. This return 
was from Siena, where he had spent several weeks 
with a friend, Archbishop Piccolomini, after his 
abjuration of the teaching of Copernicus before 
the Inquisition in Rome. This villa is a shrine to 
science in a land filled with shrines to the great 
souls of religion. 

If we climb from Florence by the steep and nar- 
row Costa San Giorgio we will have our first hint 
of the esteem in which the Italians hold the maestro, 
for we will emerge suddenly on a broad, straight 
avenue lined with stately trees and named, as the 
signpost indicates, the Viale Galileo. This is our 
introduction to the quiet Florentine suburb of 
Arcetri, which from this vantage point is all green 
fields and bright open spaces, in welcome con- 
trast to the stony confinement of the grim Costa 
San Giorgio and the high stone walls succeeding it. 
The walk from the observatory to the villa is de- 
lightful, with a view on the right over a stone wall 
down into a rich gully with straight furrows and 
luxuriant olive trees and in the distance, as far as 
the eye can see, rolling green hills. The Via del 
Pian de’ Giullari is an alley characteristically shut 
in by crowded rows of ancient stone houses. The 
townsfolk say that the community is the same 
today as it was in Galileo’s time—except for elec- 
tricity. The villa itself, where the master was in- 
terned, bears in a niche on its front wall a bust 
beneath which is the legend: 

Questa effigie del divino Galileo Galilet fece porre 

nel MDCCCXLIII Antonfilippo Marchionni. 

(‘This likeness of the divine Galileo Galilei 

placed by Antonfilippo Marchionni in 1843.”’) 
Farther down are two words: ZYN @EQ (“With 
God”). Then comes a longer inscription: 


was 


Aedes quvas viator intveris licet exiguvas divinvs Gali- 
laevs coeli maximus spectator et natvralis philosophiae 
potivs parens psevdosophorum malis 


anno MDCXXXI Kal 


restitvtor sev 


artibus coactuvs incolvit ab 
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Novembris ad annum MDCXLII VI Idvs lanvani 


heic natvrae concessit. 

“Traveler, in this sanctuary which you behold, the 
divine Galileo, supreme observer of the heavens and 
restorer or rather father of natural philosophy, was 
permitted to spend his last years, compelled by the 
evil devices of pseudosophers, from the Kalends of 
November 1631 until VI Ides of January 1642. Here 
he died.” 


Because of a housing shortage the villa is at pres- 
ent, appropriately, occupied by ar astronomer of 


the Observatory of Arcetri. 

It would be an exaggeration to describe Galileo’s 
life in this pleasant community as strict confine- 
ment. He regularly visited his daughter, Sister 
Maria Celeste, at the convent of San Matteo, now 
a monastery, within walking distance of the villa. 
But if the old man began his internment in 1631 he 
had little time with his daughter, for she died in 
1634. He traveled occasionally to visit his son, 
Vincenzio, on the Costa San Giorgio. At the villa 
he wrote the book that subsequently proved the 
most valuable of his treatises: the Dialoghi delle 
nuove scienze, published by the Elzevirs in Leyden 
in 1638. The Dialoghi was the final setting forth 
of his intuitions, mathematical deductions, and 
experiments in mechanics. A few months before 
his death, and several years after he had become 
blind, Evangelista Torricelli, inspired by the read- 
ing of this book, came to the villa to be his clerk. 
The sympathetic understanding of this gifted 
youth, who afterward became one of the classical 
physicists, brought joy to the heart of the aged 
master. In these last months, also, Vincenzio Vi- 
viani, a Florentine boy still in his teens, acted as 
another son to him. Viviani was a geometer, but 
he is remembered chiefly as the first biographer of 
Galileo. 

Although the master’s relics are now in the 
Museum of the History of Science, they were pre- 
viously kept in a hall called the Tribuna di Galileo 
in another Florentine museum, the Museo di 
Fisica e Storia Naturale, near the Pitti Palace. 
This hall was a magnificent memorial. Intended 
to commemorate the father of experimental phil- 
osophy, it was the creation of the best Tuscan 
artists. The architect, Giuseppe Martelli, was a 
Tuscan. The marble is Tuscan. There were frescoes, 
reliefs, medallions, busts, a statue, inscriptions, and 
exquisite ornamentation, all in marble, ivory, 
ebony, and gold; and original instruments of the 
maestro himself, of his disciples, and of members 
of the learned society the Accademia del Cimento, 
a Florentine analogue of the Royal Society of Lon- 
don. The memorial was conceived by the Grand 
Duke Leopoldo II, of the House of Hapsburg- 
Lorraine, which succeeded the Medici as rulers of 
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The young Galileo discovering the law of the isochron- 
ism of the pendulum. Fresco by Luigi Sabatelli at th 
Tribuna di Galileo, Museum of Physics and Natural His 
tory, Florence. 


Tuscany, and it was finished in 1861 under thy 
auspices of Vittorio Emanuele IT, first king of Ital 

Today the Tribuna is empty except for Costoli’: 
tall statue of Galileo, and the frescoes. The doors 
are kept locked, but one will find it worth whil 
to go to the trouble of making arrangements wit! 
the museum officials to gain access. The statue is 
impressive for the square and noble forehead 
turned toward the sky. The maestro is represented 
as standing, to symbolize that the new experi- 
mental approach to nature is a practical one, not 
mere armchair speculation. The frescoes are cer- 
tain to fascinate the student of the history 0! 
science. One of them, by Luigi Sabatelli, depicts 
Galileo as a boy watching the swinging lamp 1! 
the Cathedral of Pisa. Another by the same artist 
represents Galileo grown to maturity discoursing 
with the Doge Leonardo Donato and some sena- 
tors of Venice on the use of the telescope. In the 
background is a worried-looking man, Paolo Sarpi. 
an observer and experimenter who, like Galileo, 
ran afoul of the ecclesiastical authorities. A third 
fresco by Sabatelli, depicting the maestro as old 
and blind in the villa at Arcetri, tells the story of @ 
frequent scene in his last weeks: conversation about 
Torricelli sitting and Vivian 


mechanics with 


standing near by. 


THE SCIENTIFIC MONTHL\ 





A 
Junett 
trolle 
exhib’ 
The } 
and a 
one 0 
groun 
Behin 
result 
lacop 
kneeli 
on his 
by his 
profes 
end, § 
exper’ 
sits G 
He sec 
his em 
Don ¢ 
at Les 





rger fresco, by Giuseppe Bezzuoli, in a 
celebrates Galileo’s first deliberately con- 
experiment, to prove the law S = 4 A??. It 
exhibits, in short, the modern scientific technique. 
The performance was, if not the first fully explicit 
and articulate application of the method, at least 
one of the first in the modern world. In the fore- 
ground is the apparatus, an inclined plane. 
Behind it stands the master himself explaining the 
result of the experiment to his philosophical friend 
Iacopo Mazzoni. In front of the apparatus is a 
kneeling monk with a look of dazed concentration 
on his face, checking the speed of the rolling ball 
by his pulse. On the left, in a group of Scholastic 
professors, one is amused and another is at his wit’s 
end, seeking to explain away the results of the 
experiment by a tome of Aristotle. On the right 
sits Giovanni de’ Medici, a dabbler in mechanics. 
He seems suspicious. Galileo had previously earned 
hisenmity by pointing out a defect in a contraption 
Don Giovanni had invented to dredge the harbor 
at Leghorn, and the nobleman is loath to have his 


A |! 
Junett¢ 
trolled 


critic win prestige by clinching the advantage in 
a public demonstration. Leaning over the Medici 
is the provost of the university, with a mildly 
quizzical expression on his aristocratic face. Aside 
from Mazzoni, the only sympathetic enthusiasts 
among the audience are some youths who restrain 
themselves with difficulty from helping in the 
experiment. The locale of the scene is made precise 
by the background of the Cathedral and the 
Leaning Tower of Pisa. In this picture are hints of 
the elements from which Galileo was destined to 
find opposition throughout his life: well-mean- 
ing piety, tradition-ridden scholarship, and the 
jealousy of powerful dilettantes. 

Across the Arno from the Tribuna is the 
Museum of the History of Science, where most 
of Galileo’s relics are preserved. This museum, the 
result of the First National Exposition of the 
Sciences at Florence in 1929, is on the Piazza dei 
Giudici, not far from the Uffizi Palace. It is housed 
in the Palazzo Castellani, a plain edifice reminding 
one of a flatiron apartment building. The museum’s 
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__ Galileo presenting a telescope to the Doge and Senate of Venice. Fresco by Luigi Sabatelli at the Tribuna di 
Galileo, Museum of Physics and Natural History, Florence. 
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Galileo demonstrating experimentally the law of bodies falling under the force of gravity. Fresco by Giuseppe 
Bezzuoli at the Tribuna di Galileo, Museum of Physics and Natural History, Florence. 


collection of sixteenth- and seventeenth-century 
devices to illustrate mechanical principles is a 
revelation. It shows the nature of the new method 
more convincingly and vividly than a textbook on 
inductive logic. The most imposing of the devices 
is a wooden runway to exhibit a body rolling 
downhill under the force of gravity. Fixed at inter- 
vals on the runway are bells, each of which the 
rolling body strikes and rings as it descends. A 
pendulum is attached to the high end as a time- 
keeper. The apparatus resembles that in Bezzuoli’s 
fresco, but it is not a relic of Galileo—although the 
venerable museum guide is likely to introduce it as 
such to the uninformed. 

Other exhibits are Galilean in type, such as a 
squat cardboard microscope, a pendulum clock 
patterned after the design dictated to Vincenzio 
by his blind father, and a sturdy wooden armchair. 
The only articles in the collection reasonably 
guaranteed to have come down to us from Galileo 
himself or from his period are a broken object lens, 
two telescopes, proportional compasses, a lodestone 
with armature, and a finger. 


From the antiquarian point of view the object 
lens is the most interesting. The documentary evi- 
dence for its pedigree is almost complete. Befor: 
the lens came into the Museum of the History o! 
Science it was in the Museum of Physics and 
Natural History, to which it was assigned in 1793 
The ivory frame still holding it was carved in 1677 
by an intagliatore named Vittorio Croster, who 
was paid 19! lire for his efforts. Previously th 
glass was owned by Cardinal Leopoldo de’ Medici, 
whose will (1675) lists it among his household 
effects. The cardinal had received it from the heirs 
of his brother Ferdinando II, Grand Duke of 
Tuscany, at the insistence of Viviani, Galileo's 
last disciple, probably because the churchman and 
Viviani were fellow-members of the Accademia 
del Cimento. Ferdinando was the son and success0! 
of Cosimo II, the patron of Galileo. This lens 
according to the records, was the one by which th 
first four of Jupiter’s eleven moons were discovered 
—the four “Medicean Stars,” as Galileo called 
them—and Cosimo requested the lens as a gilt 
but died before the astronomer could part with it 
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her relic with an authentic pedigree is the 
he American visitor may be somewhat 
astonished that an anatomical antique of this sort 
should be exhibited, but the Italians have a 
different feeling in the matter, as evidenced by the 
number of parts of the bodies of the great in re- 
gion they have kept on display through the ages. 
Galileo's finger is, according to the museum’s 
catalogue, the index of his left hand, and was 
severed on March 12, 1737, when his remains were 
moved {rom his first resting place, near the Chapel 
of Saints Cosimo and Damiano, to the mausoleum 
where they lie at present. The museum’s notes add 
that in the opinion of F. Leoncini, professor of legal 
medicine at the University of Florence, the finger 
is really the middle finger of Galileo’s right hand. 
Two other fingers are said to be preserved in Flor- 
ence in the reliquary of Dr. Luigi Rosselli del 


The 
finger. 


Turco. 

Our next pilgrimage should be to the mausoleum 
in the medieval Franciscan church of Santa Croce, 
which faces a piazza once used for horseracing and 
football. For the celebrated dead buried or com- 
memorated in this church one may compare it to 
Westminster Abbey, and for the quaint frescoes of 
Giotto adorning its walls one may think of it as 
an incomparable art gallery. Santa Croce does not 
give the impression of being as jammed with 
memorials as its English counterpart, and yet its 
dim, spacious interior holds hundreds of tombs, 
monuments, and tablets, on the walls, in the pillars, 
and on the floor. Here are buried honored Fran- 
uiscan monks, noblemen, musicians, artists, poets, 
vldiers, humanitarians, and scientists. Here are the 
tombs of Machiavelli and Rossini, and memorials 
to Dante, to Leonardo da Vinci, and to Amerigo 
Vespucci. On the right of the entrance is the sar- 


ophagus of Italy’s supreme artist, the painter- 


vulptor-architect Michelangelo. But what will 
iwaken the most sympathetic emotion in the bosom 
of the student of the history of science is the sar- 
cophagus of Galileo on the left. The Italians show 
good judgment by placing at the head of this 
avenue of immortals on either side of the wide nave 
the tomb of Italy’s greatest artistic genius and the 
tomb of her greatest scientific genius. 
lhe head and foot of Galileo’s tomb are guarded 
'y baroque females, one representing astronomy 
ind the other geometry. Above the sarcophagus is 
relief of the four Medicean Stars in 
encircling Jupiter. Above them in a niche is a bust 
ot Galileo sculptured by Foggini or ‘Ticciati. 
Galileo is represented with his head raised toward 
and with a telescope in his right hand. Be- 
heath the tomb is an inscription beginning: 
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Galilaevs Galileitvs patric. Flor. geometriae astrono- 
miae philosophiae maximus restitvtor null aetatis svae 
comparandus hic bene quviescat vix. a. LXXVIII. 

obit. a. MDCXXXXI. .. . 

(“Galileo Galilei, patrician of Florence, supreme re- 

storer of geometry, astronomy, and philosophy, with- 

out compare in his age; may he rest well here; he 
lived for 78 years, died in 1641... .”) 

The raising of this mausoleum was the work of 
Viviani. He spent years of diplomatic effort to get 
his master’s remains transferred to honored ground, 
but it was not until 1737, almost a century afte: 
Galileo’s death and a generation after his own, that 
ecclesiastical disapproval softened to the point 
where reinterment became possible. 

Near Santa the Central National 
Library of Florence in a handsome new edifice 
built under Mussolini. Those with a bent for bibli- 
ography will delight in looking through the cata- 
logues to spot the library’s holdings of Galileiana. 
The catalogues are in two sets of manuscript folio 


Croce is 


volumes, the earlier, designated Fondo Palatino, 
closing with 1860, and the latter, Magliabechiana « 
Nazionale, ending with 1886. Later accessions are 
listed in files of manuscript cards and cards on 
which printed clippings are pasted. One could 
spend hours examining the records of the works 
by and about Galileo: all his treatises in all thei: 
editions, his published letters, anthologies of his 
works, biographies, and analyses and critiques of 
his scientific method, of his scientific contributions 
item by item, of his literary opinions, of his philos- 
ophy, of his place in the history of civilization 
There is even a work on the propagation of his 
ideas in China. 

One will be struck by the number of anthol- 
ogies. About three dozen entries for these are in 
the catalogues from 1868 to 1949. Since the anthol- 
ogies are for use in the schools, they are an index 
to the value placed upon Galileo by Italian educa- 
tors. A point seldom appreciated among students 
of the history of science is that Galileo is read today 
in Italian as much for the excellence of his literary 
stvle as for his significance as the father of experi- 
mental physics and telescopic astronomy. 

One will be astonished at the number of Galileo's 
books written in Italian. He often used Latin, as 
was customary among the learned in his age, but 
most of his better known 
the Dialogo and the Dialoghi 
of the people. This suggests a valuable extrascien- 


works—-for example, 


are in the language 


tific achievement of Galileo: that he played the 
same role in Italian as Descartes did in French and 
Sir Francis Bacon in English and as, much later, 
Hu Shih has done in Chinese. He was one of those 
hardy souls who made the colloquial language, as 





distinguished from the classical, a_ res 
instrument for conveying ideas. There is 
bility that the Dialogo would never ha 
banned if it had been written in Latin, 
no one would have understood it except 
ternity of safely indoctrinated scholars 
morals it could not have corrupted. 

The Central National Library is said to contaiy 
most of Galileo’s manuscripts, which are at presen; 
under investigation by experts and which may | 
seen only by prior arrangement with the directo; 

From the library one may easily reach two othe; 
memorials, a statue and a portrait. The former \ 
in the open air in an avenue of statues stretching 
along the front of the Uffizi Palace in two rows o 
either side of the Piazalli degli Uffizi, almost to ¢! 
Arno. The statues represent celebrated Tuscan 
such as Amerigo Vespucci, Machiavelli, Dan 
Michelangelo, Leonardo da Vinci, and Gioti 
Galileo, with his back to the Arno, faces the n 
on his left, and stands opposite Amerigo Vespuc 
the one gave his name to the continents of the Ney 
World, the other opened the way to knowledge 
nature. The portrait, by a member of the Suster. 


mans school, is at present in the Hall of Jove in th 
as lhe aged and blind Galileo discoursing with his pupils Pitti Gallery. It depicts the maestro as venerabl 
orricelli and Viviani at the villa in Arcetri. Fresco by : 
Luigi Sabatelli at the Tribuna di Galileo, Museum of : 
Physics and Natural History, Florence. searching eyes. 


with a light shining on his face and with cle: 


SW 


FRAGMENT OF AN INSCRIPTION (XX CENTURY) 
on what far star’s celestial wall 
will fire-struck adamant recall 
how we held funeral for you, tamers of horses? 
R. S. BRUMBAUGH 
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Developing Forests Resistant to 
nsect Injury 


S. A. 


Graham was born on Maryland’s Eastern Shore, 
22, 1891, and lived in seven different state 


S. A. GRAHAM 


on Marel 
during his boyhood. He received th. 


near Salisbury, 


Ph.D. in entomology from the University of Minnesota in 1921, but two yea 
before that had investigated the spruce budworm outbreak in eastern Canada 
for the Canadian Entomological Branch. His forest insect studies have led hi 


into nearly every state in the U.S. 
the author of Principles of Forest Entomology and 
Own, a book written for use in the “Survival” 


of Michigan 


© THE person who has even a_ passing 
acquaintance with the forest there appears 
to be an inseparable association between 
trees and insects. A picnic in the woods without 
a creeping caterpillar, a grasshopper, or an ant 
would indeed be an unusual experience. Outbreaks 
of borers, defoliators, and aphids have arrested the 
attention of almost everyone who has had any out- 
o!-doors experience. And so insects and trees are in- 
extricably associated in our minds. The idea that 
some forests may be practically immune to insect 
injury is foreign to most people, however; as a mat- 
ter of fact, it will be equally strange to many forest 
managers and even to some forest entomologists, 
who think of insect control in terms of direct action. 
For years, however, evidence has been accumu- 
lating that insect outbreaks in the forest are not 
matters of chance. They are made possible by com- 
binations of favorable climatic, edaphic, and biotic 
When environmental conditions 
favorable an outbreak is certain to develop; on the 
other hand, if conditions are not favorable, safety 
rom insect-caused injury is equally certain. Since 
many of the factors determining insect abundance 
may be controlled by man, we have at our com- 
mand a powerful means of preventing outbreaks. 
by wise use of the axe and saw in thinning, prun- 
ing, and harvesting, or by proper planting, drain- 
ing, or scarifying the forest floor, conditions that 
will make outbreaks impossible can frequently 
i! not always be created. 
How to develop forests resistant to insect injury 
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tects, 


has long claimed the attention of the writer, but 


when the preparation of this article was under- 
taken the task of presenting the subject clearly and 
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succinctly seemed much more difficult than when 
the title was first selected. One thing was clear. The 
control of any noxious insect, in the final analysis. 
is a problem of regulating a population of living 
organisms. If an insect pest is to be controlled, its 
characteristic powers of reproduction must, on the 
average, be equaled by the forces that cause mor- 
tality. If damage to the forest is to be avoided, this 
equilibrium between the forces of productien and 
the forces of destruction must be attained at a rela- 
tively low population level, so that there will not be 
enough insects present to cause serious injury to the 
trees on which they feed. Thus reproductive poten- 
tial, environmental resistance, and the relation of 
these forces to the insect’s abundance might ap- 
propriately serve as our central theme. 

Preventive control is invariably accomplished by 
manipulating, in one way or another, one or more 
factors of environmental resistance; but the dis- 
cussion of the interplay of the forces of production 
and resistance is by no means simple, and cannot 
easily be confined within the limits of a brief paper 

All things considered, it avoid 
theoretical discussion and to describe briefly the 
results of a number of studies that have led us to 
become enthusiastic about the possibilities of creat- 


seems best to 


ing and maintaining insect-proof forests. 

Even the advent of DDT and the perfection of 
inexpensive techniques for applying it from the air 
do not alter the fact that preventive practices are 
cheaper and in the long run more effective than di- 
rect control by chemicals. Unfortunately, the spec- 
tacular success of forest spraying operations during 
recent years has tended to lull us into a false sense 
of optimism, with the result that many expect too 





much from chemical control. The truth is that 
chemicals alone cannot solve our forest insect 
problems. 

In our enthusiasm about the 
chemicals we are likely to forget one important 
consideration. Although the current crop of insects 
can be poisoned, the forest conditions favoring 
outbreaks cannot be changed to man’s advantage 
by spraying. As a matter of fact, after the immedi- 
ate effects are dissipated, spraying may have the 
opposite effect and produce conditions especially 
conducive to the increase of pests, by destroying 
along with them beneficial parasitic and predatory 


effectiveness of 


insects. 

No forest can be sprayed so efficiently that all the 
individuals of a species will be killed. Neither can 
it be sprayed so as to kill only the pest against which 
the treatment is directed. Some pests will survive 
to reproduce another army of forest enemies, and 
some desirable organisms—parasites, predatory in- 
sects, and other forms favorable to man’s best in- 
terests—will certainly suffer injury. Following treat- 
ment with DDT, sporadic outbreaks of spider mites, 
aphids, and other sucking pests have been fre- 
quent, thus sounding a warning that not all the 
effects of spraying are desirable. These bad effects 
are transient where small areas are treated, because 
both desirable species and pests will rapidly invade 
from adjacent areas. The speed of recovery will be 
directly proportional to the number of survivors and 
the size of the area treated. Both the good and 
bad effects of chemical treatment are ordinarily 
temporary. Within a year or two the forest com- 
munity will have returned to its previous state, and 
the stage will once more be set for an upward surge 
of the pest populations. For these reasons we must 
expect an early return of outbreak conditions fol- 
lowing spraying. Repeated chemical treatments will 
therefore be required as long as the forest remains 
in a susceptible condition. Because of the unavoid- 
able disruptive effects of chemical treatments, we 
may be certain that the more we spray the more 
we shall be compelled to spray. Chemical treatment 
is an emergency measure that should only be used 
when preventive practices fail. This being true, the 
encouragement of forest practices designed to pre- 
vent insect outbreaks is just as important as be- 
fore the developmeut of DDT. 

The idea that forests relatively resistant to insect 
damage could be developed had its birth years ago. 
At first it was scarcely recognized as having any 
general significance, but as project after project 
through the years has pointed in the same direc- 
tion, there has gradually developed the conviction 
that protecting forests against insect injury by mak- 
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ing them undesirable places for insects t 
almost unlimited possibilities. 

In recent years it has become appa: 
silvicultural practices designed to control o: 
pest will very frequently serve to check « 
well. We now realize that certain forest ty 
mixed hardwood-hemlock types of the Upper Pen. 
insula of Michigan, for instance, the mix: pin 
hardwood-spruce types, the mixed forests of th 
Douglas fir region, the mixed coniferous f{¢ 
the western slopes of the Rocky Mountains, ar 
many others, are almost never severely injured }y 
insect outbreaks. On the other hand, pure pit 
stands, pure hemlock stands, forests that are pre- 
dominantly balsam fir, aspen, or birch are fre. 
quently subjected to insect outbreaks and as 
result are severely damaged or sometimes killed out. 
right. A realization of these facts has led to th 
special study of some insect-resistant forest types 
the objective being to determine as accurately a 
possible how these types originated naturally, whal 
silvicultural practices can be used to presen 
them, and what practices may be used to convert 
susceptible types to a resistant condition. 

The experimental testing of silvicultural pra 
tices designed to produce a desired forest mixtur 
is a long-time process, but fortunately it is n 
often necessary to await the completion of experi 
ments to find an answer to silvicultural problems 
The forest as it develops preserves its own histor 
and by studying existing stands nature’s silvicultura 
practices may be disclosed. Experiments may event. 
ually point to improvement over nature’s plan, bi 
for the present we shall do well to follow her exan 
ple. By careful analysis of present conditions, by th 
measurement of tree rings, by the examination | 
forest debris such as stumps and fallen trees, an 
by the study of soil characteristics and the super- 
imposed layers of decayed and partially decayed 
vegetation, it has been possible to reconstruct for- 
ests as they were 50, 100, 300, and sometimes a 
much as 500 years ago. These unwritten records 
are so clear in some instances that we feel as if w 
had watched developments through the centuries 
In other instances the evidence has been destroy: 
by fire. wind, or the destructive activities of mai 
so that we can only see back a decade or two. Bu 
enough evidence can almost always be found ! 
a given locality to give a clear picture of how th 


ests of 


original forest developed. 

The idea that insect outbreaks can for the mos 
part be prevented by creating forests with certai! 
characteristics originated almost simultaneously !! 
the minds of a number of forest entomologists, ea¢!i 
of whom has contributed to the thinking of th! 


THE SCIENTIFIC MONTHL) 





{ has 


that 
insect 


pine 
ot th 
“StS Of 
, and 
ed by 
pin 
pre. 


d out: 
o the 
types 
ely as 
what 
SEL ( 


mvert 


prac- 
xturt 
S no 
<peri- 
lems 
story 
Itural 
vent: 
1, but 
xan- 
yy the 
On 0! 
, and 
uper: 
‘ayed 
t lor: 


cords 
if we 
uries 
‘oved 


mati. 


y thi 


most 
rtain 





























an Tlall 


Diagram representing actual conditions on 1/20 acre of a mixed forest highly resistant to insect injury. Uppe1 
gram represents conditions in 1890 before the white pine was cut. The lower diagram depicts conditions in 1942 
fter a selective cutting in 1941. Shaded stumps are from trees cut in 1895, unshaded stumps from trees removed in 
41. Following the latter operation, many seedlings of balsam fir, white spruce, and maple have become established, 
hus promising to maintain a desirable mixture for later timber crops 


others. The first suggestion that the character of 


a forest has an effect upon its susceptibility to in- 
ect Injury came to this writer from an investi- 
gation of the white pine weevil, made during the 
second decade of the century. That study was a 
maiden attempt at research, patterned along lines 
already laid down by others. Research was properly 
guided into the customary channels by a prelim- 
inary examination of literature. Taxonomic char- 
acteristics of the insect and its close relatives were 
looked into, the habits and life history were in- 
vestigated, and finally measures were tested for 
controlling the insect. 

In those days spraying was almost synonymous 
with insect control. Good insecticides had been 
lound, and effective machinery for their applica- 
tion to crops had been devised. “Our insect foes 
are increasing; we must spray!” was a statement 
repeatedly heard from the rostrum in economic en- 
tomology courses. So, naturally, sprays had to be 
‘ted against the weevil. Another recommenda- 
tion then current for the control of borers and 
bark beetles was to “cut and burn the infested 
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trees.” If enough of the infested material could be 
destroyed, it was reasoned, there would not be 
enough insects to cause damage to whatever trees 
were left. Unfortunately the procedure almost 
never worked in practice, and it certainly failed to 
satisfy the unlucky timber owner who was advised 
to cut and burn the infested trees on his “back 
forty” in order to protect his neighbor’s trees. If 
neither spraying nor cutting and burning worked. 
it was customary to conclude a report on any for- 
est insect with the statement ‘Unfortunately, un- 
der present economic conditions, this pest cannot be 
controlled.” The inference was that the control of 
forest pests would have to wait until the value of 
wood reached a point that would justify applica- 
tion of the relatively expensive control measures 
then current. The beginner thus was not only 
provided with a pattern for his experiments, but at 
the same time he was given an excuse for failure 
It is not surprising that insect outbreaks in the for- 
est came to be regarded as acts of God, like the 
weather. Even now this defeatist attitude is still 
maintained by some who should know better. 











The pattern set by others was followed in the 
study of white pine weevil control. Infested shoots 
were collected and destroyed, and every available 
kind of insecticide was tested. But even before the 
results of these experiments were apparent, it was 
evident that the costs involved were unreasonably 
high and that direct control by the methods tested 
would have a limited application. 

Until then all efforts to study the weevil had been 
directed to locations where it was especially abun- 
dant. But with recognition of the impracticability 
of direct control, other areas were examined in 
search of new ideas, at first rather hopelessly and 
then with increasing interest. In some places the 
pines were much more severely injured than in 
otners. Sometimes groups of trees showed no sign 
of injury, even though other stands in the im- 
mediate vicinity were practically ruined. What were 
the reasons for the differences? These observations 
opened up an entirely new approach to the problem 
of weevil control. Sample plots were laid out in as 
many different situations as possible, and conditions 
were examined in detail. To shorten the story of 
research that extended over a number of years and 
included numerous localities in the range of the 
Eastern white pine, we learned that white pine 
grown from infancy in dense stands invariably pro- 
duced a crop of good trees, but that open or scat- 
tered stands were always severely injured or made 
completely worthless by weevil attack. Furthermore, 
pines growing with hardwood trees, such as birches, 
aspens, maples, and elms, for example, were prac- 
tically never attacked by the weevil. Thus a practi- 
cal way of preventing damage by the white pine 
weevil was discovered, and the silvicultural prac- 
tices by which it could be accomplished became 
obvious. 

After completion of the weevil study, the spruce 
budworm came into the limelight. During a period 
of ten years that insect established its reputation as 
“Insect Enemy No. 1,” by destroying enough timber 
to operate then existing pulp mills for forty years. 
If all of the killed trees could have been cut into 
four-foot lengths and stacked in cord-size piles end 
to end along the equator, the string of cords would 
have encircled the earth ten times. 

We had the opportunity of studying the budworm 
outbreak, or rather series of outbreaks, both in 
Canada and in the Lake states. Remembering the 
results of the weevil experiments, we looked for 
differences in the degree of infestation, and when 
they were found attempts were made to compare 
conditions on the heavily infested areas with lightly 
injured stands in the same localities. Gradually evi- 
dence piled up to show that large quantities of 
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mature balsam fir were always associat 
severe injury by the budworm, and that s) ce. 
forests containing in the upper crown can py |; 
than 50 per cent balsam were seldom kil] 
Study by Tothill and other forest entom \\o, 
including the writer, revealed the reason {or th 
difference. Contrary to previous reports, the youn, 
larvae, instead of feeding in late summer whe; 
they hatch from the eggs, immediately seek hibey. 
nating quarters, where they pass the winter withoy 
lungeT) 


from their long fast, and unless they then find suit. 


eating. They emerge the following spring, 


able food, many of them perish. At first they oft; 
mine the needles, but soon they require the soj 
fresh tissues of expanding shoots or buds. Wh 
such food is unavailable, the larvae will continue 
mine both needles and unopened buds, but su 
food is not conducive to most rapid increase. 
It happens that the balsam fir buds respond to t! 
spring weather in such a way that the new shoo: 
are in an ideal stage to provide food shortly aft 
the hungry worms from hibernati 
Spruce, in contrast, starts growth two or even thre: 
weeks later than balsam fir. Thus, in a forest t! 
the bud- 


emerge 


contains large quantities of balsam fir, 
worms survive the difficult spring season in larg 
numbers than in other types. Further observation 
revealed that the adult moths lay their eggs almos 
exclusively on large trees, whose crowns are in 

dominant position. Trees sheltered by other tre 

are never infested except by the surplus caterpilla 

dropping from the larger trees. Even balsam fir \ 
safe from attack until it attains a dominant pos: 
tion in the forest canopy. Still another factor ap: 
pears to influence the severity of budworm out 
breaks. On small areas outbreaks seem less lik 

to occur than on extensive areas, and when they ¢ 
occur, they are usually sporadic and less injuriou 

In this way the study of an insect’s ecology | 
to an understanding of the means by which it ca 
be controlled. The exact silvicultural technique: 
that can be used to develop forest types resistant | 
the spruce budworm still remain to be worked ou! 
in detail, but the kind of forest to be desired 1s per- 
fectly clear. Furthermore, there is no doubt tha 
the proper regulation of cutving practices in 1! 
spruce types can accomplish control. 

In pine forests. however, another form ol 
spruce budworm occurs. This form attacks ha 
pines such as Scotch pine, jack pine, lodgepole, anc 
red pine. It is structurally identical with, but bic 
logically different from, the form we have just bee! 
discussing. Its preference for pine has been 
definitely fixed that it will not voluntarily attac 
fir or spruce. Taxonomically the same as the oth 
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form, it may logically be regarded as a species in the 
making. 

The pine form of the budworm has been re- 
sponsible for much injury to jack pine forests 
throughout the Northern states and parts of Can- 
ada. The pines that are the host of this insect 
grow naturally in pure stands, and so, at first 
thought, one might suspect that this insect would 
not be subject to control by silvicultural practices. 
But investigation has proved that the pine budworm 
is just as susceptible to preventive practices as is the 
spruce-fir form. In this instance, however, the char- 
acter of the trees in the stand rather than the pre- 
dominance of a certain species proved to be the key 
to the situation. 

A careful study was made of the various observ- 
able factors that caused insect mortality. Population 
counts were made day by day on sample trees to 
determine the rate of mortality and the causes of 
death. It was determined that resin was one of the 
chief causes. The small larvae, feeding on the ex- 
panding young shoots of the pine, were frequently 
overwhelmed by the flow of this sticky material 
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The pattern set by others was followed in the 
study of white pine weevil control. Infested shoots 
were collected and destroyed, and every available 
kind of insecticide was tested. But even before the 
results of these experiments were apparent, it was 
evident that the costs involved were unreasonably 
high and that direct control by the methods tested 
would have a limited application. 

Until then all efforts to study the weevil had been 
directed to locations where it was especially abun- 
dant. But with recognition of the impracticability 
of direct control, other areas were examined in 
search of new ideas, at first rather hopelessly and 
then with increasing interest. In some places the 
pines were much more severely injured than in 
otners. Sometimes groups of trees showed no sign 
of injury, even though other stands in the im- 
mediate vicinity were practically ruined. What were 
the reasons for the differences? These observations 
opened up an entirely new approach to the problem 
of weevil control. Sample plots were laid out in as 
many different situations as possible, and conditions 
were examined in detail. To shorten the story of 
research that extended over a number of years and 
included numerous localities in the range of the 
Eastern white pine, we learned that white pine 
grown from infancy in dense stands invariably pro- 
duced a crop of good trees, but that open or scat- 
tered stands were always severely injured or made 
completely worthless by weevil attack. Furthermore, 
pines growing with hardwood trees, such as birches, 
aspens, maples, and elms, for example, were prac- 
tically never attacked by the weevil. Thus a practi- 
cal way of preventing damage by the white pine 
weevil was discovered, and the silvicultural prac- 
tices by which it could be accomplished became 
obvious. 

After completion of the weevil study, the spruce 
budworm came into the limelight. During a period 
of ten years that insect established its reputation as 
“Insect Enemy No. 1,” by destroying enough timber 
to operate then existing pulp mills for forty years. 
If all of the killed trees could have been cut into 
four-foot lengths and stacked in cord-size piles end 
to end along the equator, the string of cords would 
have encircled the earth ten times. 

We had the opportunity of studying the budworm 
outbreak, or rather series of outbreaks, both in 
Canada and in the Lake states. Remembering the 
results of the weevil experiments, we looked for 
differences in the degree of infestation, and when 
they were found attempts were made to compare 
conditions on the heavily infested areas with lightly 
injured stands in the same localities. Gradually evi- 
dence piled up to show that large quantities of 
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Study by Tothill and other forest entom logiy 
including the writer, revealed the reason {or ; 
difference. Contrary to previous reports, the yoy 
larvae, instead of feeding in late summer wh 
they hatch from the eggs, immediately seek hibe. 
nating quarters, where they pass the winter witho, 
eating. They emerge the following spring, hung 
from their long fast, and unless they then find sui. 
able food, many of them perish. At first they of 
mine the needles, but soon they require the soj 
fresh tissues of expanding shoots or buds. Whe 
such food is unavailable, the larvae will continue | 
mine both needles and unopened buds, but s 
food is not conducive to most rapid increase 
It happens that the balsam fir buds respond tot 
spring weather in such a way that the new sho 
are in an ideal stage to provide food shortly ali 
the hungry from 
Spruce, in contrast, starts growth two or even thre 
weeks later than balsam fir. Thus, in a forest tha 
contains large quantities of balsam fir, the bud: 
worms survive the difficult spring season in lars 
numbers than in other types. Further observatior 
revealed that the adult moths lay their eggs almos 
exclusively on large trees, whose crowns are in 
dominant position. Trees sheltered by other tr 
are never infested except by the surplus caterpilla 
dropping from the larger trees. Even balsam fir : 
safe from attack until it attains a dominant pos 
tion in the forest canopy. Still another factor ap. 
pears to influence the severity of budworm ou! 
breaks. On small areas outbreaks seem less lik’ 
to occur than on extensive areas, and when they 
occur, they are usually sporadic and less injuriou 
In this way the study of an insect’s ecology | 
to an understanding of the means by which it ca! 
be controlled. The exact silvicultural techniques 
that can be used to develop forest types resistant | 
the spruce budworm still remain to be worked ou! 
in detail, but the kind of forest to be desired 1s per- 
fectly clear. Furthermore, there is no doubt the! 
the proper regulation of cuvting practices in | 
spruce types can accomplish control. 
In pine forests, however, another form ol 
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spruce budworm occurs. This form attacks hai 
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discussing. Its preference for pine has been § 
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fir or spruce. Taxonomically the same as the ott 
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form, it may logically be regarded as a species in the 
making. 

The pine form of the budworm has been re- 
sponsible for much injury to jack pine forests 
throughout the Northern states and parts of Can- 
ada. The pines that are the host of this insect 
grow naturally in pure stands, ard so, at first 
thought, one might suspect that this insect would 
not be subject to control by silvicultural practices. 
But investigation has proved that the pine budworm 
is just as susceptible to preventive practices as is the 
spruce-fir form. In this instance, however, the char- 
acter of the trees in the stand rather than the pre- 
dominance of a certain species proved to be the key 
to the situation. 

A careful study was made of the various observ- 
able factors that caused insect mortality. Population 
counts were made day by day on sample trees to 
determine the rate of mortality and the causes of 
death. It was determined that resin was one of the 
chief causes. The small larvae, feeding on the ex- 
panding young shoots of the pine, were frequently 
overwhelmed by the flow of this sticky material 
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from the wounded tissues. The great losses from 
this cause often resulted in a material reduction 
in the insect’s numbers. 

Further investigation showed that the cater- 
pillers exhibited a distinct preference for staminate 
flowers as a source of early spring food. When avail- 
able, these staminate flowers provided a relatively 
nonresinous location in which the tiny larvae could 
live and feed in safety. Furthermore, the larvae 
feeding on the staminate flowers grew more rapidly 


than those that fed on other tissues. 

These observations led to the suspicion that the 
presence or absence of large quantities of pollen- 
producing flowers might easily be the factor that 


determined whether outbreaks might occur. In- 
vestigation led to the conclusion that outbreaks of 
the pine budworm only occur when the propor- 
tion of twigs bearing staminate flowers is in ex- 
cess of 20 per cent of the twigs on the trees. There- 
fore, if trees were producers of an abundance of 
pollen they were more subject to injury by the bud- 
worm than if they were not pollen producers. 

The production of flowers on a tree depends 
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At times an insect outbreak may result in a safer forest. Upper diagram represents conditions in 1890, the lowe: 


1942, after the tamarack had been killed by the larch sawfly. 


into a mixed type relatively safe from insect injury. 
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As a result of the sawfly outbreak the forest developed 








KS 
While spruce 





i,t 
nore ms wy 
(tenn a ws ~4o 
: ae rab 
TVk a eessohe NY 

















iP 


Balsam 
Jamarac 
Yack Dine 
































cH SPIruce 


fa 


y= 














chiefly upon the root-to-crown ratio. Trees with 
large crowns in proportion to their root systems 
are usually great pollen producers, whereas trees 
with proportionately small crowns seldom produce 
any appreciable number of flowers. In other words, 
if the ratio of leaf surface to root surface is such 
that the amount of available carbon absorbed from 
the air as carbon dioxide is great in comparison with 
the available minerals absorbed by the roots, a tree 
will usually flower freely, and vice versa. Here, 
probably, lay the key to pine budworm control. By 
maintaining jack pine stands in a fully stocked, but 
still thrifty, condition, the carbon-mineral ratio 
could be kept sufficiently low to restrict the pro- 
duction of staminate flowers. Budworm outbreaks 
should be impossible under such conditions. 

Soon after this hypothesis was developed on the 
basis of studies in natural stands, an opportunity 
to test it under practical conditions was presented. 
In the course of a timber stand improvement op- 
eration on the Huron National Forest, overtopping 
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oaks were being removed to release a young stand 
of pine. This operation left a stand of poles and 
saplings with scattered, large-crowned, pollen-pro- 
ducing jack pines. When about a square mile had 
been treated in this manner, a budworm outbreak 
developed. The release procedure was then modi- 
fied to include the cutting of the scattered large- 
crowned jack pine in addition to the oaks, leaving 
only thrifty poles and saplings. Where the pollen- 
producing trees were cut, the outbreak promptly 
subsided. On the area first treated and on the ad- 
jacent untreated forest the budwerm outbreak 
continued to increase in severity. This experimental 
cutting demonstrated clearly that outbreaks of 
the budworm are to a considerable degree depen- 
dent upon an abundance of staminate flowers. 

Still another insect common in the Lake states, 
the hemlock looper, appears to be susceptible to 
silvicultural control. This species has from time 
to time destroyed millions of board feet of timber. 
Although it has not been studied as intensively as 
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some other species, nevertheless one series of plots 
in Michigan indicates that although some defolia- 
tion occurs, little permanent damage is caused by 
the looper in forests where hemlock comprises less 
than 50 per cent of the dominant trees. These ob- 
servations are in harmony with those of others in 
the Pacific Northwest, where the same insect or a 
very close relative is especially injurious to pure 
stands of hemlock. From these observations, the 
conclusion seems logical that pure stands of hem- 
lock should not be encouraged and that mature 
hemlock should be promptly utilized. Fortunately, 


hemlock stands are usually replaced by other, safer 


types following cutting. 

In several other cases general observation indi- 
cates that the outbreaks of insects are often associ- 
ated with pure or nearly pure stands of single tree 
species. For example, the forest tent caterpillar out- 
breaks of recent years in the Lake states and in Can- 
ada have been restricted to pure stands of aspen. 
Some previous outbreaks of the same insect have oc- 
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curred in pure stands of oak or of sugar maple. The 
pine tussock moth, on jack pine, the birch skeletoni- 
zer, the aspen leaf roller, and the striped maple 
worm are all common forest insects that are associ- 
ated with pure stands. These facts lead to the un- 
avoidable conclusion that mixed stands of trees are 
less likely to be attacked and injured by insects than 
stands and, therefore, should be en- 


are pure 


couraged. 


Sut we cannot yet control all insects by silvicul- 
tural methods. In spite of long and careful study, 
some insects still challenge the best efforts of forest 
entomologists. For instance, the larch sawfly, an 
insect that several decades ago killed more than 60 
per cent of all the tamarack trees in the Lake states, 
is one of these. Tamarack is a tree that almost al- 
ways grows in pure stands in swamps, not be- 
cause it prefers swamps, but rather because it can 
become established on floating bogs where most 
other trees cannot grow. Given an opportunity 
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without competition on high ground, tamarack 
grows more rapidly than any other Northern coni- 
fer, but as a competitor it is a most unsuccessful 
species. It is therefore relegated to the swamps, 
where it is practically free from competition with 
other trees. By the time a stand of tamarack be- 
comes mature, other more tolerant species have 
become established with it, leaving no room for 
tamarack reproduction. Only one generation of 
tamarack can usually grow on the same swamp area. 
As a result there is not much that the silviculturist 
can do to modify the conditions under which this 
tree grows naturally. As natural stands of tamarack 
approach maturity, outbreaks of the larch sawfly 
may logically be expected; then a race between the 
sawfly and the lumberman is likely to ensue. In a 
few special cases that permit regulation of the 
water level, the larvae in cocoons may be destroyed 
either by flooding or by draining, but, generally 
speaking, control of the larch sawfly by silviculture 
is not promising. 





Similarly, the insects that attack other intolerant 
species like aspen and paper birch do not lend them- 
selves so well to preventive measures of control as 
do those that attack the more tolerant species. 
Nevertheless, the axe and the saw, used at the 
proper time and in the proper manner, can do much 
to reduce losses. Observations indicate that mature 
or overmature forests of any species are more sus- 
ceptible to injury by insects than are younger for- 
ests. It follows, then, that the forester should plan 
to utilize timber as soon as it is mature. By so doing, 
man will be able to substitute himself for nature’s 
loggers, the insects. Furthermore, study of many 
outbreaks indicates that these phenomena occur 
most frequently and in most devastating degree 
where great areas, miles in extent, are largely oc- 
cupied by the same susceptible type. If logging op- 
erations are planned and conducted in such a man- 
ner that cutting units are small, usually not more 
than forty acres, and adjacent areas are never cut 
in successive operations, a mixed-age forest will be 








Natural succession leading toward predominance of shade-loving species may increase the danger of outbreaks. 
Upper diagram shows the forest as it was in 1890, the lower as it was in 1941. As the hemlock reaches a position of 
dominance, outbreaks of the hemlock looper are certain to occur. Trees unconnected with the base line are over, but 


not rooted on, the strip depicted. 
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\n unsafe condition created by two successive forest fires. Upper diagram shows the forest as it was in 1875. This 


mixed forest of balsam fir and white pine became established following a fire about 1810. The balsam fir was killed 
about 1880, leaving the ground littered with a mass of dead and fallen trees. Between 1890 and 1895 a fire burned the 
debris, killing the pine and creating favorable conditions for invasion of aspen and white birch, a type often damaged 
by insect outbreaks. Lower diagram depicts conditions in 1942 after aspen had been removed by beaver and maple had 


produced that will be far safer than the contin- 
ious even-aged forests of the same species that so 
trequently follow unregulated logging. By cutting 
on these small scattered units, forests that naturally 
grow in pure stands can be diversified by age 
classes and made relatively safe. 

In the eastern United States most of our forests 
have been logged over. The mixed types of vir- 
xin forests that were resistant to the damage caused 
by insects have been replaced by temporary intol- 
‘rant types in which frequent insect outbreaks of 
various kinds may be expected. One of the most 
pressing problems for the forest entomologist is to 
discover the most satisfactory means of converting 
susceptible types to a condition of greater safety. 
In the Pacific Northwest and California, where 
there are considerable bodies of uncut mature virgin 
timber, the entomologist is less concerned with tem- 
porary types. In the West many forests have passed 
their prime and have actually become decadent. As 
result they are especially subject to the attack of 
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begun to invade the area. Trees separated from the base line are not rooted on the strip depicted. 








various forest pests, and particularly bark beetles. 

In the interest of economic stability, the period 
over which the virgin timber is removed should be 
extended as long as possible. If the cutting period 
can be sufficiently lengthened, so that the second- 
erowth timber on the oldest cuttings will begin to 
produce valuable products before the virgin stands 
are entirely exhausted, the ideal objective would be 
attained. However, the possibility of accomplish- 
ing this desirable condition is probably gone for 
the present tree generation, thanks to the tremen- 
dously accelerated rate of utilization necessitated 
by war demands. But even before the war the 
danger of losses from insects was stimulating a more 
rapid cutting rate than was advisable. An operator 
might decide to hold a certain piece of timber in 
order to meet his requirements for raw material 
twenty years hence, but all too often bark beetles 
would attack the forest and destroy the reserved 
timber. Such experiences have discouraged long- 
time planning, and have encouraged lumbermen 
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to protect their investments in standing timber by 
rapid liquidation. In recent years, however, for- 
est entomologists in the Western states have done 
much to slow this destructive process. 

By devising methods of recognizing the virgin 
stands of ponderosa pine most likely to be at- 
tacked by bark beetles, they have encouraged oper- 
ators to log the susceptible areas first, leaving the 
low-hazard stand until later. Also, by classifying the 
trees in a forest on the basis of age and foliage 
characteristics and then determining statistically 
the chance that trees in each class will be attacked 
by insects, they have shown operators how to create 
safer conditions by removing in partial cuttings trees 
belonging to the classes most likely to be attacked. 

Still one more advance has been made by West- 
ern forest entomologists. Within any of the age- 
crown classes individual trees be in 
health. If such sick trees can be distinguished, they 
can be utilized before they are attacked by bark 
beetles. Recognition of this has led to a system of 
risk rating based on the appearance of the tree 
crowns, the entomologist rating the trees according 
to immediate risk regardless of class. Removal of 
these trees in the course of logging operations makes 


may poor 


for safe conditions even in overmature ponderosa 
pine. These developments have encouraged op- 
erators to enter into sustained yield programs that 


will aid materially in bridging the gap between the 
virgin and second-growth stands. The risk-rating 
system is used together with or independent of the 
age-crown classes to indicate current risk; in mak- 
ing sanitation cuttings in ponderosa pine, trees are 
removed on the basis of combined current health 


and class susceptibility. 


Obviously we cannot expect to create ir eye 
forest conditions that will invariably protect ty 
from insect injury. Neither can we expect to gy. 
complish overnight the desirable changes that cq 
ultimately be made. We shall, therefore, be coy, 
pelled for many years to resort to chemical ¢op. 
trol as an emergency measure. However, i! plans 
are laid to adopt as far as possible silvicultur, 
practices designed to produce the forest pattern 
that we know to be desirable, we may con{ident! 
expect to make future forests relatively safe fr 
insect devastations. Our present aim should be: 
To maintain the safe mixtures now existing; (2 
convert temporary hazardous types to safer m 
tures by planting, scarifying the soil, improveme: 
cuttings, and other practices; (3) to increase dive. 
sification in single-species forests by mixing ag 
classes; and (4) to reduce hazard in mature stand 
by sanitation and improvement cuttings. 


These are the objectives that every forest man- 
ager must have in mind if our forests are to be mad 
more safe from insects. They are all objectives tha 
can be attained with little or no expense abo 
regular operating costs. In fact, most of the pro. 
esses and procedures that will be used to creat 
forests safe from insects are already a_ part 
normal forest practices. The objectives can be at: 
tained easily if we plan a pattern, and work towai 
its construction. The possibilities of forest insec 
control by developing resistant types are so promis. 
ing, and the hazards of excessive use of insect 
cides so real, that we shall do well to pay heed 
nature’s own methods of preventing forest insec 


outbreaks. 
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Interior Alaska 


Dr. Miller, who has been professor of geography and chief of the Division of 
Geography at The Pennsylvania State College since 1945, gathered the material 






sricultural Developments in 


E. WILLARD MILLER 


‘ for his article during field work in Alaska in 1948 and 1950. Last year he was 


N RECENT decades there have been many at- 

tempts to extend agricultural pursuits into 

subarctic areas. Agricultural development in 
Alaska is among the most important. Interest in 
farming in interior Alaska began with the discovery 
© of gold in the Fairbanks area about fifty years ago, 
" when large quantities of food were needed by the 
miners. It soon became common practice for 
» Alaskans to have gardens, whenever possible, in 
© order to produce part of their food and also to vary 
i the monotonous pioneer diet. To obtain informa- 
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tion about the agricultural possibilities of interior 


| Alaska agricultural experiment stations were estab- 
> lished at Fairbanks, Rampart, and Circle City be- 
¢ fore 1910. Since 1925 only the station at Fairbanks 
has been maintained. In 1935 the Mantanuska 
» colony was established in south-central Alaska, and 
' in the past 15 years much of the development and 
interest has centered on this region. There are sev- 
eral areas that have agricultural potentialities in the 
interior, but only the Fairbanks region of the 
lanana Valley has a small agricultural settlement. 


Environmental Factors 


lhe physical environment, which is important 


© in all agricultural regions, becomes paramount in 
© the subarctic. Minute local changes in slope, soil, 


temperature, or permafrost conditions greatly af- 
lect agricultural conditions. 

lhe farm belt of Fairbanks occupies two distinct 
physiographic areas—the bottom lands of the 
lanana Valley and the terraces or benchlands of 
the foothills of the Tanana uplands (Fig. 1). The 
valley floor, cut by sloughs and old stream beds, 1s 
comparatively smooth and lies at an elevation be- 
1 520 and 600 feet. The benchlands begin at 
t 600 feet, and the highest points are a little 
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the recipient of the Ray Hughes Whitbeck award in economic geography, which 
was given for the outstanding article in the field published in the Journal of 
Geography during the preceding five years. Dr. Miller received his Ph.D. in 


geography at Ohio State in 1942. 





over 1,400 feet. Those adjoining the valley floor 
vary from gentle slopes to sharp inclines, too steep 
to cultivate. 

The differences in elevation make a considerable 
contrast in temperature conditions. The average 
length of the growing season on the higher slopes 
is 105 days for frost-tender plants such as potatoes. 
and 123 days for hardy plants such as pasture 
grasses. In the valley bottom the length of the aver- 
age growing season is 10-15 days shorter, largely 
because of air drainage. There is, however, a great 
variation in the leneth of the season, which ranges 
from 24 to 137 days. The average temperature of 
the three warmest months is about 57°: the mean 
maximum is 68°, and the mean minimum 46 
The first part of June and the last of August are 
critical periods, for minimum temperatures lie 
close to 32°, and frost is likely to occur, with re- 
sultant crop damage.’ 

Precipitation appears to be essentially uniform 
throughout the region. The mean annual precipi- 
tation is about 10-12 inches, with about 60 per cent 
falling from May through September. August is 
normally the wettest month. For most crops, how- 
ever, there is a deficiency of water, and irrigation 
is used on most vegetable gardens. An occasional 
dry spell in late spring will retard plant growth to 
such an extent that frost damage is likely in the fall 

In the Fairbanks district, as throughout Alaska. 
the type of natural vegetation is an excellent key 
to soil and drainage conditions (Fig. 2). On the 
benchlands, the Alaskan interior forest, typified by 
tall white spruce, balsam poplar, and white birch, 
is well developed. The ground cover consists of 
dwarf heath shrubs, mountain cranberry, a few 
mosses, dwarf dogwood, horsetail, and bluegrass. 
This vegetational cover develops on the well- 
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drained and relatively warm Fairbanks soil series,* 
which consists of wind-laid deposits of silty, very 
fine sand and forms valley slopes of about 2—15 per 
cent gradient. It is relatively good agricultural soil, 
brown in color, with an A horizon 6—10 inches 
deep and a yellowish-brown subsoil 3-8 feet in 
thickness. H. H. Bennett has compared it to the 
brown in color, with an A horizon 6—10 inches 
spread in the U. S. corn belt. Depth to permafrost 
varies greatly, sometimes being less than 2 feet but 
commonly more than 5 feet. One of the most serious 
problems in utilizing this soil is its tendency to erode 
easily when the land is cleared of its natural vege- 
tation. 

In the Tanana lowlands vegetation is typified by 
black spruce and brush, including dwarf willow, 
dwarf birch, Labrador-tea, blueberry, mountain 
cranberry, crowberry, and other small shrubs. This 
vegetation develops on the cold, poorly drained 











‘Tanana soil series, which is largely azonal, « 
ing from water-sorted sediments that are 
from sandy micaceous material. The poor d 
is due to permafrost, which is usually 12—3¢ 
below the surface under the native vege 
covering. Thus, the C horizon may be con 
frozen in places. When the land is cleared 1 
develops into a very fine sandy loam, which 
gray-brown to dark yellowish-brown in cx 
most cultivated fields the permafrost is more 
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feet below the surface, and many areas that wer 


once very wet are now deficient in water. 


Land Ownership 


There are three ways to secure a farmstead j 


Alaska—by direct purchase from someone who has 


title to land, by compliance with requirements fo; 


homesteading, or by direct purchase from the gov- 
ernment of a small plot for vegetable gardening 
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Fic. 1. Relief map of the Fairbanks region. 
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Fic. 2. Map showing natural vegetation of the Fairbanks rezion. 


) All unappropriated and unreserved land adaptable 
© to agricultural use is available for homestead settle- 
sment.’ The selection of a poor farm site has been 
the cause of a number of agricultural failures in 
pthe region. 

Although farming is at present the main source 
bo! livelihood for only 30 or 40 families in the Fair- 
Ebanks region, about 60 per cent of the land is pri- 
pvately owned or has been filed upon by home- 
pSteaders (Fig. 3). Farms average about 160 acres, 
but they may vary from a few to 320 acres. Slightly 
: less than 20 per cent of the average holding is 
hcleared, and about one third of the cleared land 
F's normally idle or fallow each year. 
| There is considerable instability of farm popula- 
ption in this region. About 30 per cent of the land 
1 has been filed upon by present homesteaders. It is 
»probable that a considerable number of them will 


shot succeed in fulfilling the homestead require- 
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ments and will lose their land. In the Fairbanks 
district approximately 90 per cent of the privately 
owned land has been relinquished by one home- 
steader and acquired by someone else, or has been 
purchased after a patent has been secured by an- 
other owner.* In 1950 about 75 per cent of the 
farmers had owned their farms for less than six 
years. In recent years there has been much land 


speculation. 


Clearing the Land 

Since all land in the Fairbanks area is covered 
by brush, trees, or muck, or all three, the initial 
preparation of the land for cultivation has always 
been an expensive and difficult problem for the 
new settler. Until 1920 the usual procedure was to 
burn the area to be cleared and then to remove 
the remaining stumps by hand or by use of horses. 
This method had serious handicaps, for it was rela- 
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tively costly, and fire in the low, matted vegetation 
was difficult to control. By 1920, however, more 
than 900 acres had been cleared. 

With the introduction of the tractor about 1918 
the method has gradually been modified. The first 
step now is for the bulldozer to push the vegetation 
into windrows in the field. This exposes the ground 
and allows it to dry, thus lowering the permafrost 
level. After the material dries, the piles are burned. 
Since the soil is generally deficient in humus, it 
is common practice initially to plant rye or grass 
that will be plowed under the first year or two to 
improve the quality. 

By the end of 1950 about 2,400 acres had been 
cleared, and much of this land is under cultivation. 
In recent years less than 100 acres have been cleared 
annually for farming purposes. It costs between 
$40.00 and $125.00 to clear an acre of land, de- 


pending on the nature of the vegetation ind jy 
general location. The lack of access roads to man 
good potential farming sites has retarded the clegy. 
ing of land in some sections. In the farm bel: aboy 
70 per cent of the cleared land lies on the highe 
terraces and benchlands where vegetable and graip 
production predominates. The cleared land in the 
lowlands is used mainly for the production of pa: 
ture grasses and silage crops. 


Crops of the Region 

Vegetables were the earliest plants cultivated jy 
interior Alaska and remain today its most important 
crop. They are not only produced commercial 
but are grown on a large number of garden plot, 
but the demand for vegetables has never been met 
by local growers. Latest tabulations show that the 
annual value of food imported into the Fairbanks 
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Fic. 3. Cleared land in the Fairbanks region. 
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Fic. 4. Over-all view of a commercial truck farm in the Farmers Loop. 


region is well over $1,000,000. An estimate of the 
amount produced in the farm belt is approximately 
$150,000. There is, thus, abundant opportunity to 
Hextend local production. 

The typical commercial truck farm in the Fair- 
banks area usually has less than ten acres in cul- 
tivation (Fig. 4). The homestead is a one-story 
building, commonly built of logs, with not more 
than three or four small rooms. Since farming is 
done entirely by mechanical power, there may be 
a lean-to or shed to store the tractor, plow, har- 
row, cultivator, and usually a potato planter and 
digger. About half of the truck farmers have chick- 
ens, with flocks ranging in size from half a dozen 
to more than 1,000. Because of the limited income 
from such a farm and the long period of winter 
idleness, the owner usually seeks work in Fairbanks 
during the winter months. For the most part, farm 
production is limited to hardy vegetables. In the 
Fairbanks district, among other vegetables, approxi- 
mately 80,000 pounds of cabbage, 65,000 pounds 
f turnips and rutabagas, 30,000 pounds of greens, 
24.000 pounds of radishes, and 15,000 pounds of 
elery were produced in 1950. Tomatoes and cu- 
cumbers usually do not grow successfully unless 
they are started in a greenhouse. 

Of the vegetables, potatoes are most important 
and have long been the leading cash crop. Through 
xperimentation several varieties have been pro- 

uced which thrive under Alaskan conditions. The 
frish Cobbler, Eureka, American Wonder, White 
Harvest, Arctic Seedling, Swiss, and White Bliss 
are commonly grown. Yields vary from 60 to 250 

ushels per acre, depending largely on physical 
onditions. The average truck farm has 8 acres 
of potatoes, and the potato farm averages 13 acres. 
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The larger growers are well equipped with power 
tools and implements to plant, cultivate, harvest, 
and sort their crops. In recent years over 125 acres 
have been planted in potatoes, and the total yield 
has been 600-800 tons annually. The present acre- 
age of potatoes is greater than can be consumed by 
the civilian population, and part of the crop is sold 
to the military establishments. 

Subarctic regions present a number of signifi- 
cant environmental and economic problems in agri- 
cultural production. One of the most important is 
the combination of a short growing season and low 
soil temperatures. On August 18, 1950, at 2:00 p.m. 
the temperature at the Fairbanks Agricultural Ex- 
periment Station was 82°; at only 6 inches below 
the surface it was 59°; at 1 foot, 54°; at 2 feet, 53°; 
and at 3 feet 49°. The soil temperature to depths 
of 2 feet on cleared land is above 50° for less than 
two months during the growing season. These low 
soil temperatures greatly retard plant growth. 

Experimentally the surface soil temperature has 
been raised in a number of ways, the simplest of 
which is to spread coal dust on the ground. By 
spreading coal dust over fields about April 1, at the 
rate of one pound per square yard, the snow cover- 
ing can be melted in twelve to fourteen days, 
whereas the depth of snow on an undusted adjacent 
field will remain at 12-20 inches until the end of the 
month. In interior Alaska April is the brightest 
month of the year, and the variation in melting is 
due largely to the absorption of radiant heat on the 
surface of the snow. 

During the growing season coal dust is also 
spread between rows of vegetables such as beans 
and squash, which require relatively high tem- 
peratures. The soil temperature in dusted rows is 
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2—4 degrees higher than in undusted rows. This in- 
crease is sufficient to speed the maturity date of the 
crop as much as ten days. 

In 1949 Basil M. Bensin, agronomist at the 
Alaska Agricultural Experiment Station in Fair- 
banks, began experiments with special solar radi- 
ators and reflectors to create a garden microclimate 
with higher soil and air temperatures for growing 
warm-season vegetables such as beans, cucumbers, 
and tomatoes.® The solar radiator consists of a sheet 
of corrugated roof iron with dull black strips that 
absorb and radiate heat, and bright aluminum- 
painted strips that have maximum reflecting power 

Fig. 5). These strips face southward, and the vege- 
tables are planted in rows extending east to west 
within the reflecting angle of the radiator. In 
August 1950, where radiators had been used, the 
tomatoes were ripe, and had reached a normal size, 
but where the radiators and reflectors were not used 
the tomato plants bore no fruit. Squash plants were 
nearly 50 per cent larger when grown with the radi- 
ators. This method of vegetable production is costly, 
however, and can be practiced only on a limited 
basis. 

In the Tanana Valley there are periods, espe- 
cially in the spring, when rainfall is insufficient for 
the most rapid growth of horticultural plants. Sup- 
plying supplementary water by irrigation is an im- 
portant problem. Normally, vegetable yields with 
irrigation are three times as high as when rain 
alone is the source of moisture. Wells cost from 


caEe 


$200 to $1,000 to drill, and are not practical ; 
some sections because of permafrost and lack , 
free water in the subsoil; then the entire water sy, 
ply must be hauled from streams. 
In a pioneer country, where only a smal! Part ¢f 
ihe total area is cleared, wildlife does some damap, 
to crops. Rabbits are particularly destructive pest 
in vegetable gardens, and in the Fairbanks distric 
they were particularly plentiful in 1905, 1913, 19% 
and 1925, 1935 and 1936, and were again numero, 
in 1945. The cyclic appearance of the rabbit is no; 
fully understood but is generally believed to be jp. 
fluenced by the food supply. When abundant, th; 
must eat all types of vegetation, including wood 
plants, because the quantity of food is limited. 0; 
this diet the animals become emaciated and 4 
and it appears to take them from eight to eleyey 
years to increase to large numbers again. 
Agriculture in Alaska is also faced with eco. 
nomic problems. At the present time the Tanan 
Agricultural Co-operative Association has only 3 
members, and large-scale marketing is handicappei 
as a result of limited production. The associatio; 
grades and markets the products of about half it 
members, but some farmers prefer to do their own 
grading and marketing. The cooperative has on 
small underground storage cellar, but most farmer 
do not have adequate storage facilities, and in 194! 
about one quarter of the potato crop spoiled te. 
cause of poor storage facilities. There are no cat- 
ning facilities in the region. Consequently, mos 


Fic. 5. B. M. Bensin inspects peas grown with and without benefit of radiator. 
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vegetables must be sold at the peak of the season 
~Avcust and September, when the market is 
eluted and prices are at their lowest. In 1950 one 
farmer was building a combination abattoir and 
cold storage plant for local meats, wild game, ber- 
ries, fruits, and vegetables. 

Farmers have no monopoly in supplying vege- 
tables for local consumption even during the sum- 
mer, Several factors enter into this situation. The 
unreliability of the amount of production is a 
serious handicap. There is little planning as to what 
crops should be produced. As a result, there may 
be, for example, a surplus of carrots but few beets. 
Also, a partial crop failure may result from some 
unforeseen weather condition. Some farmers are 
well versed in good marketing procedures, but many 
need specialized guidance. A system of standards 
composed of uniform grades that are acceptable to 
the trade should be developed and enforced. The 
Alaska Commissioner of Agriculture in 1949 pre- 
pared a preliminary set of standards, which have 
not yet been adopted in this area. 

Retailers have also found that they must carry 
imported along with Alaska-grown produce if they 
are to satisfy some customers. In many cases it is 
more convenient and just as profitable for retailers 
to purchase their vegetables in the States. In conse- 
quence, many merchants prefer to import all their 
vegetables. If the Alaskan farmer could guarantee a 
given quality and quantity at a given time his 
market would be greatly expanded. 

Labor is another problem because of the large 
number of workers required for planting, weeding, 
cultivating, and harvesting. There has always been 
a shortage of labor and as a result costs have been 
high. In order to secure workers the farmer must 
compete with the mining industry—and in recent 
years with the national defense program. Since 1946 
a farm laborer in the Fairbanks area has received 
an average of $1.50 an hour, which is usually more 
than the truck farmer can afford to pay and at the 
same time obtain a fair profit on his crop. Although 
there are many problems associated with vegetable 
production, more than 90 per cent of the farmers 
of the area are primarily engaged in this type of 
farming. 

To supply the need for animal feed, grains were 
early produced in interior Alaska. All the hardy 
grains have been grown successfully in the region, 
and production appears to have increased up to 
about 1920. In 1919, a peak year, 22 farmers in the 
Tanana Valley reported a production of 1,128 
bushels of spring wheat. 2,811 bushels of oats, and 
121 bushels of barley.* The high price of flour stim- 
ulated wheat growing, and the future outlook for 
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grain production appeared so bright that in 1918 
a small mill of 25 barrels per day capacity for grind- 
ing wheat was installed in Fairbanks. This plant 
was abandoned in the late 1920s, however. 

After 1920 the number of work animals de- 
clined rapidly, and in 1923, with the completion of 
the railroad from Seward to Fairbanks, the impor- 
tation of grains from the United States was greatly 
facilitated. With the competition the grain produc- 
tion of the area has gradually declined, and produc- 
tion of wheat and barley, as commercial grains, has 
virtually ceased. 

Oats are the most important grain crop today, oc- 
cupying possibly as much as 30-40 per cent of the 
agricultural land. Canadian and Finnish varieties 
are among the most successful, for they mature in a 
period of 80-105 days and yield 20-80 bushels pet 
acre. However, more than 95 per cent of the oats 
are cut when green for use as animal feed in the 
dairies. In recent years the dairies have been at- 
tempting to produce more animal feed locally and 
thus reduce imports. The production of grass for 
hay has never been important in the region, largely 
because August is the wettest month and grass will 
not dry in the fields. This fact is responsible for in- 
creased production of silage crops. A mixture of 
Siberian peas, barley, and oats has been found to be 
an excellent animal feed, and yields are about 114 
tons per acre. 

Although production has not been important in 
recent years, it is significant that the Agricultural 
Experiment Station (Figs. 6, 7) is now producing 
varieties of grains that 
areas.’ Barley is the safest grain crop, and both hull- 


will thrive in subarctic 
less and hulled varieties are grown. From a seeding 
of 80 pounds per acre on the Experiment Station 
plots, with an application of about 100 pounds of 
commercial fertilizer, yields of about 22 bushels per 
acre were obtained in 1949. 


Livestock 

The livestock industry has always been con- 
sidered a risk in interior Alaska. Work horses were 
the first animals in the region. Cows, chickens, and 
hogs were brought to the area about 1900 to sup- 
ply demands of the mining camps for meat and 
fresh milk. At that time milk sold for 50-60 cents 
a quart, and fresh meat at $1.00 to $1.25 per pound. 
It was only after great hardships that the animals 
arrived in the Fairbanks area. Most of them were 
brought down the Yukon River by barge from the 
Klondike of Canada to Circle City. and then 160 
miles over the Steese Trail to Fairbanks. A little 
later an alternate route was utilized from Valdez 
via the Richardson Trail 370 miles north to Fair- 
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Fic. 6. U. S. Agricultural Experiment Station at College, near Fairbanks. Siberian peas and oats in foreground 


banks. Since hay cost $90.00—-$120.00 per ton to 
import from the United States, emphasis was soon 
placed on its production. As mining activities de- 
creased, however, and most farmers found it un- 
profitable to raise stock of any kind, the importation 
of significant numbers of animals ceased about 
1915. At this time, besides work horses, there were 


only two small dairy herds and a few hogs in the 
district. 

Because of the early difficulties in the animal in- 
dustry, it was thought that a special breed of 
cattle should be developed which could thrive un- 





der Alaskan conditions. Efforts were made to in- 
terbreed the Galloway cattle, which had bee 
thriving on Kodiak Island, with the yak, whic! 
was imported from Siberia, and between 1924 and 
1930 a number of Galloway-yak hybrids wer 
raised. These animals, kept under conditions that 
tested their ability to forage for themselves and t 
withstand the long cold winters, did exceptionall 
well. During the summer they grazed on natiy 
redtop grass, and in winter they were kept in: 
wooded pasture, with only an open shed for shel. 
ter. The meat was reported to resemble beef closel 


Fic. 7. Spring wheat plots at the U. S. Agricultural Experiment Station at College. 


THE SCIENTIFIC MONTHL! 





us ma 


a 


it ‘ 


Fic. 8. Guernsey herd on the Tanana bottom lands near Fairbanks. 


in appearance and in taste. Unfortunately, in 1930 
the experiment was terminated, and the animals 
vere killed, as a result of a retrenchment of the 
activities of the Experiment Station. This is an ex- 
ample of an important experiment that was aban- 
loned when the results were just becoming evident. 
The lack of long-range planning has handicapped 
many agricultural activities in Alaska. 

Another attempt to test the grazing facilities of 
the region was started in 1927, when 23 bison were 
imported from Montana and turned loose in the 
Delta River country southeast of Fairbanks. Al- 
hough the herd has been given no care, its num- 
ber is now estimated to be about 400. 

At the present time there are two commercial 
dairy herds in the Fairbanks area, and a small herd 
is maintained at the Experiment Station. The dairy 


farms are modern in every way and are not by any 
means like the small vegetable farms of the region. 
There are about 100 dairy cows on the farms, 
mostly Holstein-Friesian and Guernsey (Fig. 8 

The care given the cows during the winter is similar 
to that given animals in the north-central states. 
During the summer mosquitoes are extremely an- 
noying, and a dark shelter is frequently provided 
to give some relief to the animals. In recent years 
the large dairies have increased the growing of sil- 
age crops to provide feed, but they still import con- 
centrate feeds and alfalfa hay from the States. 
The dairies are producing about 1,000,000 pounds 
of milk in the Fairbanks region annually but still 
do not supply the entire demand. There appears lit- 
tle likelihood that the herds will be expanded, 
however. because of the high cost of maintaining 


Fic. 9. General view of the largest dairy in the Fairbanks region 
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them during the long winter period of indoor feed- 
ing and the need for substantial shelters. The esti- 
mated cost in 1950 of establishing a modern 12-cow 
dairy in the Fairbanks district was between $45,000 
and $50,000 (Fig. 9). 

Hog-raising has increased in recent years, es- 
pecially on farms with an excess of potatoes and 
root crops. The largest hog farm has about 300 
pigs, which are fed in part on garbage from Fair- 
banks. Reports from the Experiment Farm indi- 
cate that the raising of hogs is still definitely a risk. 
There is, however, a satisfactory market for locally 
produced pork, and approximately 350 tons are im- 
ported each year for the civilian population of 
Fairbanks. 


Future Prospects 

The farm belt of Fairbanks is an established agri- 
cultural region. Its area and production will, how- 
ever, remain small, for the market is limited by 
interior Alaska’s civilian population of about 10,- 
000. To date no agricultural products have been 
shipped out of the district, nor is it likely that these 
products will be able to compete in the foresee- 
able future with those produced in southern Alaska 
or on the west coast. 


NE of the significant by-products of the Alaskan 

Science Conference, held in Washington, D. C., 
in November 1950, under the auspices of the National 
Research Council, was a determination on the part of 
scientists in the Territory to organize into a coherent and 
effective group. The possibility of using the AAAS as a 
means of organizing was successfully explored, and in 
May the AAAS Council authorized the establishment 
of an Alaska Division of the Association, with two 
branches—the Cook Inlet Branch, centered at Anchor- 
age, and the Arctic Branch, centered at Fairbanks. Or- 
ganization of these two branches was completed shortly 
thereafter. In the Cook Inlet Branch, Don L. Irwin was 
elected president; Charles S. Wilson, vice president; 
Mrs. Robert P. Simmet, secretary-treasurer. The Arctic 
3ranch named Andres S. Karstens president; David Sto- 
well, vice president; and John L. Buckley, secretary- 
treasurer. In June a Southwestern Branch was formed, 
with Juneau as its focal point. William S. Twenhofel 
was elected president; W. A. Elkins, vice president; 
Ralph Brown, secretary-treasurer. 

The parts, or branches, did not formally constitute 
a comprehensive whole until September 4, 1951, when 
210 scientists gathered at the Second Alaskan Science 
Conference in Mount McKinley National Park. Gover- 
nor Ernest Gruening, chairman of the conference, pre- 
sided, and Kirtley F. Mather, president of the AAAS, 


officially installed the new division. The three days that 
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This section will probably remain one of ¢h 
pioneer agricultural outposts of the far north, 4 
a result of experimentation at the U. S. Experimer, 
Station and by individual farmers during the pay 
fifty years, a variety of crops is being develope 
which are adapted to subarctic conditions. Progres 
is slow, but the basic work is under way for a 
expanded agricultural region as the population ¢ 
interior Alaska increases. 
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followed were devoted to general and technical session 
and field trips, arranged by a Steering Committ 
headed by Laurence Irving. On September 8 the nev 
division was organized at a business session, at whi 
Laurence Irving was made president. 

The Second Alaskan Science Conference represen 
the first attempt of the scientists in our northern term 
tory to assemble as scientists to consider problems com 
mon to all of them. Although the meeting was sup 
ported by the officers of the AAAS, with the cooper: 
tion of the National Research Council and the Arctic In 
stitute of North America, its success was assured by ti 
energy of the scientific workers and institutions withi 
the territory. The conference was cosponsored by tht 
University of Alaska, and it benefited in many ways fro 
Governor Gruening’s advice in the activities of th 
Steering Committee and his personal participation | 
the meetings. 

Isolation need no longer be a major handicap ! 
scientific work in the Territory. On a national scale, 
the Alaska Division joins the Pacific and Southwester 
divisions as an integral part of the AAAS. Of greatt! 
significance, Alaskan scientists have discovered witli! 
themselves sources of information and elements of i 
tellectual and technical strength through intercommut 
cation that will accelerate the tempo of research, a0! 
give it the three-dimensional scope it has been so dif 
cult to achieve until now. 




















THE SCIENTIFIC MONTHL' 

















































erson 


itudes 


pirites 


P It w 





und 





quiri 
ad lor 
tellig 
rik all 
ental 
uses 
any | 


evital 











SUIENCE ON 

















































} pee 
rogres 
for an 
tion of MODERN academy of science has roots 
that go deep into our cultural and scientific 
past. The genesis of each academy of sci- 
nce, whether city, state, regional, or national, has 
Suppl been more or less intimately related to progress 
3). during the past century and a half in both science 
‘Xplore. Hd society in the United States. The academy 
a: movement has been a direct response to the growth 
bf science and certain social attitudes. 
a. Cir As a prelude to the presentation of reflections on 
ire, 2) Mhe attributes of a modern state academy of sci- 
nce, it seems desirable to review concisely (1) the 
ultural and scientific background of academies 
June HBF science, (2) the origin and growth of the acad- 
pmy movement, and (3) the general growth and 
xisting status of state academies of science in the 
se Inited States. Then a few academy hazards will 
tation, (PC Mentioned, and, finally, a brief discussion of 
me of the present and potential opportunities 
nd responsibilities of a viable state academy of 
pcience. 
[wo general points should be mentioned: (1 
‘2 fuch of this material was presented under the 
sad itle “Growth of Academies of Science” to the an- 
e new (tual Academy Conference held in December 1950 
whic (pith the American Association for the Advance- 
rent of Science at Cleveland; and (2) these are 
resent f™ersonal points of view, subject to all the vicis- 
| ter MM@tudes of emendation that might ensue from 
coll M@pirited group discussion of this timely subject. 
§ Sut 
operi- Cultural and Scientific Background 
” It was inevitable in the evolution of the human 
withinggnd that science should be conceived, for an 
by the™mequiring mind linked to perceptive observation 
from fad long ago become a dominant characteristic of 
of the MMtelligent, exploring men. In the long, though his- 
ion 'M@prically not very remote, pre-science era of his 
ental evolution, an impelling curiosity about the 
@P uses of common natural phenomena led man to 
ad any fanciful, childish suppositions. It was also 
reat’ table, however, that with the growth of intel- 
vithingggectual discernment, traditional superstitions and 
of in-(™etasies should be swept aside by natural demon- 
muti-f™ations and convincing logic. Thenceforth, vig- 
1, amg * Based on an address presented before the Illinois 
) ditt Beate Academy of Science, Bloomington meeting, May 4 
PHL\ tober 195] 
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orous mental probing, united to precise observation 
and blessed by virile intellectual freedom, created 
a natural scholarly environment in which embry- 
onic science could take root and be nurtured. 
The necessary intellectual atmosphere for the 
gradual development of true science was provided 
by the fruitful Greek culture of the several cen- 
turies before the birth of Christ. The Egyptians 
earlier had blazed some of the trails. Greek philoso- 
phers and logicians thereafter created a milieu in 
make new and refreshing 


which dared to 


interpretations of nature. This scholarly fearless- 


men 


ness, combined with an instinctive passion for 
truth, prepared the way for the discovery of the 
rudimentary verities of physical science. The long- 
accepted dictum of the universal capriciousness of 
nature was gradually superseded by the concept 
that nature’s orderly and natural phenomena are 
the expression of immutable laws. 

Upon the decline of Greek culture and _ the 
ensuing intellectual stagnation of the Middle Ages, 
science became dormant. But the innate charac- 
ter of the minds and spirits of sapient men decreed 
that the eclipse of scientific observation and in- 
quiry should end. The forward march of science 
was aided in the fifteenth century by the inven- 
tion of printing type. Numerous orderly and in- 
quiring minds, such as those of Francis Bacon and 
Descartes, provided new stimuli to natural science 
and mathematics as a part of the intellectual re- 
awakening of the Renaissance. An environment 
that had long been virtually barren in respect to 
the nurture and growth of science now became po- 
tentially fecund. 

This revival of learning engendered profound 
stirrings in the imaginations of original thinkers. 
The solution of numerous critical problems in as- 
tronomy, mathematics, and physics had become 
urgent to philosophic minds as well as to practical 
explorers, Not much permanent progress could be 
achieved until more accurate observations of nat- 
ural phenomena were made and mathematically 
analyzed in order to formulate and test basic 
physical laws. Fundamental contributions were 
made during a relatively brief period by several 
scientists, from Copernicus to Newton. Within a 
few centuries, chiefly the sixteenth, seventeenth, 
and eighteenth, there developed, according to But- 












terfield,* “lines of strategic change” in the evolu- 
tion of scientific thought in which “intellectual 
knots” were untied. Such a rearrangement of ideas 
was essential to real progress in science. As pointed 
out recently by Newman,” “this was the transposi- 
tion of mind required—the new look at nature in 
order to see what, in fact, there was to be seen 
rather than what some classical writer had said 
ought to be seen.” 

It is unnecessary to recount here the achieve- 
ments of science during the seventeenth century or 
to review the amazing progress in the eighteenth 
and nineteenth. Many minds with unusual capa- 
cities for inquiry and scholarship were in ferment. 
Fortunately for the onrush of science, the mores 
were becoming in some areas increasingly favorable 
for unrestricted and unhindered scientific investi- 
gation. Inquiries could be made and logical in- 
terpretations offered about natural phenomena, in- 
cluding the origin and evolution of the earth, of the 
universe, and even of man. It was likewise inevi- 
table that reactionary points of view should prevail 
in some seats of high authority and offer formid- 
able obstacles to straightforward progress in sci- 
ence. Even in these enlightened times scientists 
sometimes face similar discouragements and baffle- 
ments. We hope that an antiscience view is not apt 
to become virulent under today’s conditions of mis- 
understanding, suspicion, and instability. 

Two other features of the evolution of science 
during the post-Renaissance period should be 
noted: (1) Scientific disiciplines were becoming 
progressively established on broad and realistic 
bases, in numerous respects taking on a modern 
character; and (2) science is still, in terms of 
years, very youthful. Physics, for example, dates 
back mainly to Newton (1687); chemistry to 
Lavoisier (1790); and geology to Hutton (1800). 
The youthful virility, aggressiveness, and enthusi- 
asm of true scientists in all fields augur an illimit- 
able future, provided science remains steadfastly 
anchored in the current mores. We should not 
forget that sapient man is at least 100,000 years 
old, that real science is less than 300 years old. 


The Academy Movement 


With the development of the arts and sciences, 
circumstances became increasingly favorable to 
the founding of learned academies. Philosophers, 
research scientists, and men of letters realized the 
need of scholarly forums in which the events and 
currents of the times could be discussed, evaluated, 
and integrated, both for intellectual satisfaction 
and for coordination of attacks upon the store- 
houses of nature’s secrets. 
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The initial precursor of learned acaden ies w, 
Plato’s academy, from which the tern come 
It was founded about 387 B. c. “for the s) emati 
pursuit of philosophy and scientific research” 
Aristotle’s lyceum, founded in 355 B. c., was ap. 
other forerunner of modern academies. Mode 
of the original academies throve for about nix 
centuries, until abolished by Justinian. The fir 
academy that seems to have been devoted extep, 
sively to science was founded in the fifteenth cep. 
tury by the versatile Leonardo da Vinci. 

The Renaissance provided fertile conditions {o 
the birth and growth of academies. The Accademi; 
Secretorum Naturae, founded in 1560 at Naples 
had as a membership requirement some discover 
in natural science. It appears to have been the firy 
academy devoted chiefly to science. 

Seven academies and learned societies were oy. 
ganized between 1606 and 1666. They included thy 
Royal Society of London (1662) and the Fren¢ 
Academy (1666). At least five more were formed 
during the eighteenth century. Among. then 
were the American Philosophical Society held x 
Philadelphia for Promoting Useful Knowledg 
(1743) and the American Academy of Arts ani 
Sciences (1780). The latter proposed “‘to cultivat 
every art and science which may tend to advan 
the interest, honor, dignity, and happiness of a fre: 
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independent, and virtuous people.” Pul 

There are at least fourteen city academies of, ... 
science. The oldest is the Academy of Natural Sc. 
ences of Philadelphia, founded in 1812; the youn: 
est is the Washington (D. C.) Academy of Su... | 
ences, organized in 1898. It will be evident lati)... 
that the academy movement in cities was strong os 





earlier but that it has not kept pace with th 
founding of state academies. The fourteen aij 
academies have more than 10,000 members, pro! 
ably about half the total number of members 1 
all the state academies. 

There are only six regional academies of scientt 
in the United States. One of the most active 
the Northwest Scientific Association, in which tle 
normal state academy activities of some of tl 
states in the Pacific Northwest are centered. 

There are thirty-eight individual state academi 
of science. In addition, Colorado and Wyomitl 
have a joint academy of science, and Idaho a! 
Washington participate in the Northwest Scienti! 
Association. States without state-wide academt 
of science include Arizona, Delaware, Maine, M# 
sachusetts, New Jersey, New York, Rhode Isiaté 
and Vermont. Some of these areas have acti.) «, 
somewhat localized academies, such as the Ne 


York Academy of Sciences, which meets at ! 


10108 
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Comes ork C 

‘ematic Two oi the state academies were founded near 
earch” MM. end of the eighteenth century, Maryland in 
vas an-fl97 and Connecticut in 1799. No state academies 
Models ere formed during the first half of the nineteenth 
it nine MM ntury. Nine were organized in the 45 years from 
he fis fiMe59 to 1894, inclusive; nine more between 1902 
‘ exten M4 1919. Ten were established during the period 
ith cen-f sm 1921 to 1928, inclusive. During the 1930s, 
ur academies were formed, and four more dur- 
10ns for M.> the 1940s. The total number at last report is 
-ademi: ii irty-nine. 
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Purposes stated by the various academies, so far 
s published, include eighteen different objectives, 
hich may be grouped into ten principal cate- 
ories, as follows: Stimulation of research in sci- 

























YCTe OM ce (15); promotion of scientific interchange and 
ded the cquaintance among scientists (10); diffusion of 
French ontific knowledge (10); unification of scientific 
formed terests in the state (8); stimulation of interest 
; thea science (5); encouragement of publication (5) ; 
held a terpretation of science to the public (2); pro- 
ywled i otion of formal education in science (1); co- 
"1S an@peration of science and industry (1); and assist- 
ultivattie ice to state government (1). The names of the 
vance tions of some of the academies indicate that the 
fa fieeH ove list is not comprehensive. 

_ JB Published data on state academies of science® 
mes how that twenty-two academies list thirty-seven 
ral Sc: liferently named sections, as follows: Agriculture, 
yours Menthropology, archaeology, astronomy, bacteriol- 
of Sc: bey, biology, biologic sciences, biologic sciences ap- 
it Late blied, botany, chemistry, conservation, earth sci- 
StOIinces, economics,t education,t engineering, ento- 
ith th mology, forestry, geography, geology, history,? his- 
"n “"MMory of science, industry and economics, mathe- 
b ae matics, medicine, medical sciences, mechanical sci- 
bers TR ce, mining, natural and physical science, phil- 

sophy,t physics, physical sciences, political sci- 
sci" nce,t psychology, science education, social sci- 

“HVE i nces,t sociology, statistics, wildlife, and zoology. 
ich UR ome overlaps are obvious. Some academies com- 
4 MMbine two or more of the named sections into single 





ections, €.g., astronomy and mathematics, geol- 
gy and geography. Among the 22 state academies 
{science, the fields of most interest as expressed by 
he number of section listings are: chemistry (21), 
hysics (19), zoology (16), geology (15), mathe- 
latices (14), botany (12), and psychology (11). 
ne section in each of the following fields is listed 
kmong the twenty-two academies: Applied biologi- 
al sciences, archaeology, earth sciences, entomol- 










t Exclusive of sections in some state academies of arts, 
ciences, and letters. 
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ogy, forestry, history, industry and economics, 
mechanical science, medicine, mining, natural and 
physical science, political science, statistics, and 
wildlife. Activities of some of the state academies 
apparently correspond rather closely to the trends 
of science teaching and the economic applications 
of science in particular states. 

The number of sections in individual academies 
ranges up to a maximum of fourteen. Two acad- 
emies have sections on the history of science. Three 
have sections on science teaching, science teach- 
ers, or science education. Similar sections are de- 
sirable in each state academy of science to provide 
strong links with the teachers of science in our sec- 
ondary schools. Another long step forward could 
be made by a modern state academy of science. 
Provision should be made for forums of scientists 
who have broad, related interests in borderline 
areas involving problems at the state level. Some 
state academies solve this problem in part and meet 
the opportunity by forming a few sections that 
comprise closely related disciplines. Any modern 
state academy of science would better meet its op- 
portunities and obligations if a section, or session, 
could be provided for alert nonprofessionals. 

The Illinois Academy of Science now has about 
900 members. It was exceeded in 1950 by the Vir- 
ginia Academy with 1,087 members, Ohio Acad- 
emy with 1,193 members, Indiana Academy with 
1,241 members, and the Michigan Academy of 
Arts, Sciences and Letters (which is not wholly 
comparable) with 1,900 members. The Califor- 
nia and Texas academies in 1948 had more than 
1,000 members each. The total membership of 
the state academies in the nation is 17,000—18,000. 
It is of interest to note that although membership 
in most state academies of science is unrestricted 
one academy requires at least five years’ work in 
science, or five years on a faculty, or some note- 
worthy contribution to science. It is also interesting 
that the total membership of the state academies 
is about 10 per cent of the professional scientists 
of the United States. Not all academy members 
are, nor should they be, persons who have science 
as a vocation. But many more active scientists of 
the nation should be members of state academies 
of science. 

The common type of academy publication is 
an annual volume. A few academies publish a 
journal which is issued monthly, bimonthly, quar- 
terly, or irregularly. Three academies publish news 
letters. Most academies are handicapped in the 
publication of papers of worth to the several sci- 
ences, the authors, and the state by the inade- 
quacy of publication funds. Fortunately, in Illinois, 
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as in some other states, this problem has been 
solved by the appropriation of state funds for pub- 
lication. One state legislature recently made avail- 
able $10,000 for the publication of a monograph 
prepared by the state academy of science, with 
proceeds from copies sold to go to the academy 
treasury. 


Academy Hazards and Opportunities 


Some academy members and officers may think 
than an academy of science in this age of science 
faces few hazards. The obvious handicaps are not 
too serious, for, recognized, they can be methodi- 
cally overcome. Much more dangerous to the vital- 
ity of an academy and its effective service to sci- 
ence and society are those insidious weaknesses 
that have arisen from changing circumstances in 
science, society, and the philosophies of politics. 
Worthy of mention are inadequate attention to po- 
tential research scientists and gifted teachers of 
science among high-school students; lack of in- 
spired interest in effective teaching of the history, 
principles, and methods of science; and too scant or 
too dilatory participation in the solution of the 
mutual, pressing problems of science and _so- 
ciety. Many vexing problems require the best 
thought of scientists, such as those gathered into 
a modern academy of science, rather than the in- 
effective attention of politicians. Long-continued 
complacence on the part of a majority of academy 
members may lead to atrophy. Academies should 
have long-range programs adapted to modern re- 
alities, especially to the changing patterns in the 
public and governmental aspects of science. 

The numerous state, city, and regional acad- 
emies of science have well served certain ends 
during the past century and a half. Yet many op- 
portunities for more effective service to science, to 
academy members, and to their communities await 
full realization. These need rather critical anal- 
ysis and long-range consideration. Only 
can be given here. 

Membership opportunities. The state academies 
of science can meet their peculiar responsibilities 
and opportunities only through their participating 
members. An ideal state academy should have sev- 
eral categories of membership: 


suggestions 


1) Professional members, so to speak, would be those 
scientists who are occupied with science as a vocation, 
whether in teaching, industry, technical bureaus, research 
organizations, or governmental agencies. They would be 
chiefly responsible for the conventional program of the 
traditional academy meeting and be mentors for some 
other classes of membership. 

2) Teachers of real science and of general science in 
high schools should comprise a much larger percentage of 
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academy members than at present. In fact, the prog; 
of a modern state academy of science should be so jp 
ing that high-school teachers would seek academy yy 
bership. This group is the real key that will unlock 
doors of science—often appearing mysterious, somet 
forbidding, to high-school students and some of ¢ 
elders—to many of the shapers of the future fortune 
America. About 80 per cent of high-school students , 
have few educative contacts with the principles and ny 
ods of true science after they graduate. The second 
school teachers and leaders, knit closely together in » 
ous academy groups, could bring many parents and , 
munity citizens to a fuller and more stimulating und 
standing and appreciation of the role of science in mod 
































society. This group of members would probably acqg™p°" 
plish more by organizing as a distinct section of the acqmere 1 
emy, in collaboration with their educational associat imp 
The point is illustrated by the New Mexico Academ) ving 
Sciences, which is affiliated with the state educational 
sociation and holds annual meetings with it. ntal 

3) Graduate students in colleges and universities shoym™e ©°! 
be brought into academy activities and associations @ucati 
means of a separate section and program. The advantagifink, « 
of annual intermingling and of papers and discussions ; out £ 
the graduate level are obvious. : 

4) Undergraduate students in colleges and universit P a 
who have had at least some work in science, should fongpience 
a collegiate section of an academy, as is done under ablfqe bro 
leadership in the Illinois Academy of Science. This groufh-ja] 
should not be limited to majors in science, for it is high! 

. . *y to 
desirable that students who will eventually follow othe 
vocations maintain an active interest in science, either : pond 
an avocation or in some form of community activity stitu’ 

5) High-school students who have a lively interest com 
science, especially those who are motivated by the spi pport 
of exploration and discovery in experimental science or 
field observations and study, should be brought within t An 
sphere of activities of a modern state academy of scien ptabl 
This can probably best be done by means of junior aca™mlente 
emies, or junior sections, as in the Illinois academy. Suan ¢ 
groups need, of course, a teacher-sponsor and an acaden 
leader, both of whom should be keenly aware of their: buld 





portunities to aid in the molding of many future citizen 






They should have their own special program at the annugggette! 
meetings of an academy. A part of it should consist ™pcal 
scientific exhibits, perhaps competitively chosen throug 


cade 





community and regional exhibits and “science fairs.” A 
important feature from the standpoint of sustained inter 
est by both students and their adult friends is substanti 
public recognition at a general session of the academy ‘ 
the winners of honors in the state science talent sear¢! 
The next point is considered equally important: 1! 
high-school teacher-sponsors should likewise be given 4j 
propriate public recognition at the annual meeting of t! 
academy. Widespread lay interest has been created 
some academies through such activities. 

6) The amateurs who have an interest in science-- 
often a very extensive one—should become more close 
related to a state academy of science, to their mutual a 
vantage. This class of members would be composed mait! 
of collector and nature study groups, with some indepen 
ent individuals who have distinctive scientific avocatiom 

7) Laymen who wish to keep informed about the 
tivities and progress of science in general, or in particulat 
fields of individual interest, or as a factor in communit 
programs, should be sought as academy members. Most 0! 
them could not participate in, or even follow, the conve 
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he progr, ace programs of academy sections. The case was 


sil tated by Dr. Edmund W. Sinnott* in his 1949 
idential address to the American Association for 










unlock # Advancement of Science: “If science is to develop 
» SOMeti—™\ ously and serve the world as it ought to, it should 
N€ Of tl be wrapped in mystery but must be understood, at 
fortune; t as to its spirit and methods, by those ordinary citi- 
‘udents 4. upon whom it has to depend for support. The best 





sible means for bringing this about is a widespread 








ScCondgMicipation of laymen in scientific work.” The writer 
1€r in 2#M%ld place the emphasis upon advantages to the partici- 
S and cng laymen rather than upon the possible economic 





efits to the scientists with whom they might associate. 






science teaching does not always and every- 






f the acqaere inculcate in high-school and college students 
‘sociatiog™ important principle—the scientific method of 
cademy Ming problems—an invaluable asset in their 





ational ; 





‘ital equipment as they later try to deal with 
: complexities of modern society. Too much 







ties shoy 
iations Mucation today does not teach students how to 
dvantagi:nk. or how to do things. As mentioned before, 







ussions ) 8 
sions Mout 80 per cent of our high-school graduates go 


t into the world ill-equipped to understand 
ience as a factor in their own daily lives and in 
be broad problems of government and the evolving 
cial order. As Millikan® stated recently: “The 
-y to the future of America clearly lies in the 
rcondary school because it is the only American 
stitution that now reaches practically the whole 
coming generation.” Here is a challenging 
portunity for a modern state academy of science. 
A modern state academy of science could aid 
otably in the search for and recruitment of 
lented teachers of science—a need more critical 
an that of gifted high-school students to pursue 
ience as a vocation. Considerably more progress 
uld be made if those teachers could receive 
etter public recognition of their services to the 
cal communities and to the state. The state 
cademy of science should use every opportunity to 
ring this opportunity to realization. As a sug- 
estion—why not select each year an outstanding 
eacher of high-school science in the state and 
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sear@fonfer appropriate recognition at the annual 
om hcademy meeting? 
of th lat “the science club offers a master key to 
ted bqmcience endeavor among high-school students” is 
ot fully comprehended by some academy members 
om geod some teachers. Several million students are 
ne vailable for science club opportunities. We realize 
nainhgeaat not all of them are innately gifted for such an 
-pen¢m™mactivity, and none should be forced into it. Two 
ations requisites for better realization of the promising 
ae possibilities are teachers with the personalities to 





guide the local club, and appropriate provision 
lor the science club activities to be integrated 
into the curricula. More recognition of the value 
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of the work, and direct aid by academy members 
in their communities, in addition to the recognition 
given through the junior academy at the annual 
academy meeting, would be beneficial. It is of 
interest to note that about a third of a million boys 
and girls from the ages of ten to twenty are 
members of the science clubs now affiliated with 
the Science Clubs of America under the active 
sponsorship of Science Service. 

“Can you recognize a young scientist when you 
see one?” The obvious answer points to the need 
of the science talent search. This fine steppingstone 
to advancement should be available to all high- 
school seniors, and perhaps juniors, in every state. 
Even though the search is nationally sponsored, the 
state academy should be more than a mere partici- 
pating member. Here is a ready-made opportunity 
for the academy to do some of its best work in 
advancing both science and public education in 
science in all parts of the state. An unremitting 
search should be made for talented students in the 
smaller high schools, particularly in rural areas. 
A valuable human resource is all too apt to be 
wasted in some communities. 

Another phase of the science talent search is a 
search for students and teachers who combine an 
understanding of science with a gift for its literary 
interpretation to the lay public. This is a para- 
mount need of the day. 

“Now that the United States has assumed the 
major responsibility for leadership in international 
affairs,” states Antioch Notes in a 
“the need for an informed public is greater than 


recent issue, 
ever. 
formed. . . . It takes skill, intelligence, and back- 
ground for [the reader] to keep effectively in- 
formed.” This means in part that the jargon of the 
sciences must be translated simply, accurately, and 
interestingly so that educated people can pick up 
the 
points and be guided in their intellectual travels 
by clear signposts. The president® of the Ohio 
Academy of Science in his 1949 presidential ad- 
dress called for a “million interpreters” of science 
> demanded 


. The public is nowhere adequately in- 


trails of science from recognizable starting 


to produce the “ten million scientists’ 
by Dr. Sinnott in his presidential address.* 

The really critical factor in these times is the 
inability of the public to weigh the elements in- 
volved in all grave public problems at all levels, 
from the local community to the nation, This is 
understandable when we recall that about 98 per 
cent of the adults in the United States have little 
or no personal participation in the activities of 
science, and most of them have scant knowledge 
of its modus operandi. What an enormous group Oo! 
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intelligent citizens awaits comprehensible in- 
terpreters! What an opportunity for a modern 
state academy of science! 

An entire discourse could be devoted to the 
problem of state conservation. Two points must 
suffice here: (1) We have willy-nilly a pressing 
need of retreats from the clang and clatter of our 
modern mechanistic methods of attempting to live 
lives that are rewarding to us personally and to 
society. It takes only a little thought to realize that 
sanctuaries are as much a need for men and wo- 
men—and children—as they are for wildlife. (2) 
No group is better qualified than an alert state 
academy of science to survey objectively and 
thoroughly the major problems of conservation and 
to offer solutions in the general public interests. 


Many opportunities for effective service through 
science beckon to a modern state academy of 
science fully aware and jealous of its role in the 
activities of the state. Some goals that academies 


NEW TORTILLAS 


HE present-day tortilla has come down 

through the rise and fall of several civiliza- 

tions with very little modification. In fact, 
in many remote parts of Mexico, it is still prepared 
as it was in the days of Cuauhtemoc and Cortes. 
The origin of the tortilla is lost in the mists of an- 
tiquity, but it seems certain that tribes of migrating 
Indians brought with them the art of torilla-making 
and established the food in their part of the New 
World. The tortilla was to the early Indians what 
bread was to our Pilgrims, and today it is a staple 
food for millions of people. 

To understand what a tortilla is, one must 
know how it is made. It is assumed that the Indians 
prepared tortillas by steeping dried whole-kernel 
corn overnight in heated limewater, the lime being 
obtained by heating limestone. The treated ker- 
nels were separated from the water and ground in a 
stone mortar (metate) to the consistency of dough, 
or masa. The masa was kneaded, with the addition 
of water if necessary, to yield a dough of workable 
consistency, and a chunk about the size of a golf 
ball was patted between the hands to make a thin 
cake. This operation is an art, for it is easy to tear 
or break the thin tortilla. The tortilla patty was 
then placed on a fairly hot grill, or comal, where 
it was baked for a few minutes. 

The tortilla was eaten hot or warm or used as 
a wrapper to carry other foods, such as in tacos or 
enchiladas. When eaten as it was cooked, it was 
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have long had need to be restated, and p: 
revitalized. Action to result in worth-y 
complishment is entrusted to those 

members who will pool some of their energ 
the indispensable hard work. Not other 
any academy keep in the van of the steady 
march of science and society. . 
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FOR OLD MEXICO 


rolled into a tube, with or without a little meat 
chile, and salt, or broken into smaller sections and 
used as a food-pusher or as an edible spoon. 

Today, as in past centuries, the tortilla is pre. 
pared by overnight steeping of the dried whole ker- 
nel in heated limewater, after which the swolle: 
kernels are drained and ground in a small mill 
or molino, of two vertically placed buhrstones, on: 
fixed, the other rotated by motor. Dough of thi 
proper consistency is obtained by the addition o! 
small amounts of water during milling. 

As a result of today’s centralization and special: 
ization masa is now often prepared in a small sho; 
or molino, which supplies the surrounding neigh- 
borhood with tortilla dough. When the masa 
ready, it is sold in bulk to the housewives, who tak 
it home in a dishpan or other container (or at 
apron will do) and pat out their own tortillas. 0: 
as is the practice in some large towns or cities 
women are employed to pat out the tortillas and 
cook them in the shop, so that they are ready fo 
immediate consumption or may be reheated 2 
home for a later meal. Shops where cooked tor 
tillas are sold are known as tortillerias. 

The making of tortillas may sound like a smal 
business, but that it is a large-scale business becomes 
evident when it is realized that in Mexico approx 
mately 96 per cent of the annual production 0 
over 3,000,000 tons of corn is used for food, most! 
in the form of tortillas. In years of low production 
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as had to import corn. It is estimated 
‘fexico City alone the daily consumption 

1,000 tons. But, since the tortilla-making 
is survived unchanged for more than 400 

question may well be asked, “Why 
’ There are several reasons, such as the 
desire for a cleaner product and the need for a 
stabilized product that would withstand the require- 
ments of modern distribution systems. Most im- 
portant of all is the need of a food product whose 
nutritional value can be improved. 

Officials of the Banco de México were among the 
first to recognize the shortcomings of the old-time 
process and, always alert to cooperate in improve- 
ment of the nation’s health and economy, asked 
Armour Research Foundation of Illinois Institute 
of Technology to develop a research program that 
would determine the possibility of preparing a 
stable flour for the manufacture of tortillas. The 
tortilla prepared from such a flour, when ready for 
consumption, had to be identical in all its charac- 
teristics, especially taste, with the standard do- 
mestic product. 

A stable flour for the manufacture of tortillas 
would overcome the short keeping period of the 
masa as sold in the market. It would also overcome 
decided disadvantage, since the corn 


prot O55 
years, 


change 


another 


dough, as prepared by present methods, offers an 


excellent medium for the growth of many micro- 
organisms. In low countries where both tempera- 
tures and humidity are high, masa cannot be ex- 
pected to keep for more than four hours; in highe1 
altitudes it can be kept for perhaps six hours un- 
der very special conditions. In any event, to pre- 
vent spoilage, extreme care in handling the dough 
is required. The Mexican people, realizing that 
masa is not a stable product, bake the tortillas as 
soon as possible after the dough is prepared; what- 
ever is not consumed immediately may be reheated 
as needed. Cooked tortillas keep somewhat longer 
than masa, but the reheated product has much 
lower workability, cannot be rolled, and has lost 
much of its original flavor. Consequently, most 
people do not prepare any more tortillas than they 
can consume at one time. 

Banco de México officials recognized the possi- 
bility of manufacturing a stable flour that would 
have a long shelf life and that would not require 
elaborate equipment to prepare the tortillas re- 
quired for each meal. The first step was to study 
existing methods of making tortillas, all of which 
used the same basic process of preparing the masa 
—steeping in limewater and grinding. Modern 
installations employed small power-driven buhr- 
‘tone mills, but the making of tortillas from the 


masa has always been a hand operation. Although 
many attempts have been made to do the job 
mechanically, only a few have been successful, and 
perhaps the hand operation will never be replaced 
entirely. 

The next step was to determine the most suitable 
manner in which to market the final product. 
Possibilities included canning, freezing, and dehy- 
drating. Canning was ruled out because of the 
difficulties of sterilizing the pack without over-gela- 
tinizing the masa, and because the costs of opera- 
tion and containers would not allow the product to 
be sold in competition with tortillas on the open 
market. The idea of a frozen masa was eliminated 
because the cost would be too high to compete with 
regular tortillas. Lack of sufficient refrigerated 
warehouses and trucks, and of refrigeration, not 
only in the local markets, but also in the homes 
was also a factor. Home refrigeration is common 
among the middle and higher classes, but it is a 
rarity in the lower income groups, where tortilla 
consumption is high. Dehydration, then, appeared 
to be the most promising approach to the problem. 

The early stages of the research program were 
devoted to learning whether the masa produced by 
regular steeping and grinding operations could be 
satisfactorily dried. We learned in our experiments 
that masa dried by the usual methods resulted in 
lumps that had to be broken down in a grinder, 
and that a change in flavor invariably resulted. 
It was also realized early in the investigation that 
the germ oil is an integral part of the final tortilla 
and that dehydration would have to be done in such 
a manner as not to alter the oil or allow it to be- 
come affected in any way. All these observations, 
checked by experiment, finally resulted in a speci- 
ally designed drier capable of completely dehydrat- 
ing the masa with no adverse effect on the flour 
or on the final tortilla, either as to appearance or as 
to taste. With this knowledge and with the data 
obtained in the laboratory, a pilot plant was erected 
to produce about 500 pounds of dry flour per hour. 
A preliminary market survey showed acceptance 
by the public of the newly developed product. To- 
day the Mexican people have received, without any 
complaints or comments against quality, more than 
900 tons of tortilla flour, and it can be said that 
the research work as such has been successfully 
completed. 

The present pilot plant has been in operation for 
about a year, during which time changes and addi- 
tions have been made to provide for smoother oper- 
ation. Also, using the pilot plant results, specifica- 
tions were evolved for the purchase of production 
equipment for the establishment of a large commer- 
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cial plant, which will serve as a model for national 
expansion of the industry. This equipment is on 
order and is expected to arrive by the time the new 
factory building in Mexico City is ready for oc- 
cupancy. Although the capacity of the plant is only 
a small portion of the daily requirements not only 
of Mexico but of Mexico City itself, sufficient quan- 
tities of flour will be produced to introduce it to the 
existing market and to establish a demand for 
greater quantities. This demand can be met by 
installing similar units alongside the production 
lines now being built, as well as in other areas 
throughout the country. 

It may be difficult to create a demand for the 
dry flour in remote sections of Mexico, but it is 
anticipated that the cities and many of the larger 
towns will provide a market that will warrant build- 
ing milling and drying centers in local areas. 

As is the case with nearly every new product, re- 
search toward improving the flour and decreasing 
production costs will continue. The shelf life of 
tortilla flour is quite satisfactory in high altitudes 
and dry areas such as Mexico City, and it is ex- 
pected that through additional research the shelf 
life in humid tropical regions can be extended to 
an equally satisfactory period. 


BETTER GRASSES 


HE development of superior turf grasses for 


specialized uses presents to plant breeders 

some of the most fascinating, exciting, and 
richly rewarding opportunities to be found any- 
where today in the field of agriculture. The state- 
ment that more taxpayers are directly interested in 
better turf than they are in any other single phase 
of agriculture has not been contested. There are 25 
million or more homeowners who are striving des- 
perately for good lawns against terrible odds. There 
are millions of golfers who quite naturally expect 
good turf because of the activities of the United 
States Golf Association Green Section during the 
past thirty years. Then there are the thousands of 
colleges and schools whose students have a right 
to expect good athletic field and playground turf 
but, sadly, seldom have it. If we had the space to 
enumerate the many other turf uses, such as for 
cemeteries, parks, highway slopes and shoulders, 
airfields, cantonments and drill grounds, tennis, 
lawn bowling, and others, there would be little 
doubt left that the development of specialized turf 
is big business. The growing and selling of seeds of 
turf grasses are on a major scale, as are the produc- 
tion, distribution, and servicing of turf main- 
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It may be possible, also, to use tortilla { 
means of fortifying the national diet. Bi 
the widespread use of the tortilla and t! 
ipated ultimate adoption of tortilla flour, 
of the entire nation could be enriched by : 
tion of minerals, proteins, or vitamins | 
lacking in the present flour. The fortification of 
some few constituents may present a problem, by 
the over-all prospect of raising the nutritional ley: 
of the nation by such means appears feasible. 


The fulfillment of the first step has been coy 
pleted—the production on a pilot plant level of 
acceptable dry tortilla flour that can be sold at 
price that is competitive with that of the presen 
day commercial tortilla. The next step is alread 
under way—the commercial production of the dy 
flour and promotion of large-scale customer ; 
ceptance. How long it will be before this goal ; 
reached is difficult to say—one year, possibly tw 
The third step may be enrichment or it may } 
something else. 

Norton F. Guru 
Armour Research Foundation of 

Illinois Institute of Technology 

Chicago 


FOR BETTER TURF 


tenance machinery. Many thousands of people ar 
employed in various phases of business relating 
to turf and its uses. 

In our attempt to produce good turf for mar 
uses, we find that the weakest part of the syster 
lies in the quality of the grasses available to u 
Crab grass, for example, is rated as America’s No 
1 turf pest. “Crab grass” is a term that brings dis 
may every summer to many homeowners. Thi 
logical control of crab grass is through the use 0! 
desirable adapted perennial turf grasses that ar 
able to replace crab grass. Most of the turf grass 
sold in seed mixtures are not capable of producing 
a turf strong enough to fight crab grass on it! 
own terms. True, the homeowners oft-misguided 
practices actually may encourage crab grass, bu! 
the lawn grass of the future must be able to thrive 
in spite of these things. 

The plant breeder who develops a superior tu! 
grass must first discover how to eliminate disca 
susceptibility. It is the first law of turf. More tha 
20 million pounds of common bluegrass seed 2 
sold each year, most of which fails to produce s2" 
isfactory turf because it is so susceptible to He: 
minthosporium leaf spot disease. This disease wea* 
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netimes destroys common bluegrass dur- 
» the cool, wet spells that frequently occur in 
a spring, leaving the turf thin and weak and 
to crab grass and other weeds. The 


18 and 


ASV pre 


sical answer is not to fight the crab grass with 


emicals (because it will return) but to replace it 
‘th a better turf grass. Chemicals will be useful as 
bls in establishing the improved grasses. 

The first truly superior leafspot-resistant blue- 
ass ever to be placed on the market was a product 
nature’s own laboratory. It was found on the 
venteenth tee of Merion Golf Club, Ardmore, 
unsylvania, and was developed by the USGA 
reen Section and cooperating agencies primarily 
» golf course use, where the emphasis is on nat- 
al weed control, close mowing, rapid healing of 
juries, and on perfection in every detail. The per- 
mance of Merion (B-27) bluegrass is such that 
is in heavy demand by all turf interests, to the 
tent that growers will not be able to supply the 
mand for many years to come. The advent 
Merion bluegrass is an epic of turf management 
story. 

Merion bluegrass is not a perfect grass, nor is it 
“miracle grass,” as some ill-advised promoters 
sales would indicate in their advertising. It is a 
ass that should be a challenge to plant breeders. 
ferion could well be one parent in a breeding pro- 
am that ultimately would develop an even better 
uegrass. A bluegrass like Merion, which is dis- 
pse-resistant and which thrives under close mow- 
¢ (or grazing), could be the basis of a pasture 
ixture, because leafspot and close grazing can 
in pastures as well as lawns. No plant breeder 
er need apologize for considering turf needs on a 
r with pasture and forage needs. They are 
oser than we think. 

Another bright spot in turf history has been 
corded at Tifton, Georgia, where G. W. Burton, 
ineticist and plant breeder, in a single breeding 
ogram has developed a superior hay and pas- 
re Bermuda grass and a superior turf type of 
muda grass, The primary objective was forage 
the by-product was turf. Many farmers in the 
uth are enjoying new prosperity because of 
astal Bermuda, the improved forage type. Its 
elds of hay and its rich pasturage have challenged 
ier workers. The interesting by-product of the 
velopment of Coastal Bermuda grass has been 
ifton 57 Bermuda, a disease-resistant turf-type 
at is being used on many golf courses and other 
{ areas throughout the South. It provides users 
ith better Bermuda turf and causes fewer of the 
tadaches that are prevalent where the common 
otton-patch” Bermuda is used. One of the out- 
ending characteristics of Tifton 57 is its excep- 
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tional resistance to several diseases common to 
Bermuda grass. 

Another Bermuda grass the U-3 
Bermuda, which has received a great deal of at- 
tention and is being used well north of the limit 
where Bermuda was once thought to flourish. It, 
too, may be a parent and probably has been used 
by this time for che development of a new superior 
Bermuda grass. The U-3 Bermuda does not have 
all the qualities that we would like to see in a Ber- 
muda grass; eventually, therefore, it must give way 
to a superior type when it is produced by the plant 
breeder. Until then U-3 Bermuda will continue to 


enjoy wide popularity as a fine-bladed, winter- 


selection is 


hardy turf Bermuda. 

Early in the history of the United States Golf 
Association Green Section, the primary objective 
was the development of better grasses for putting 
greens. The member clubs of the United States 
Golf Association, with their dues, represented the 
sole support of the Green Section. Therefore, since 
the member clubs demanded information on better 
putting greens more often than anything else, quite 
naturally the attention of the Green Section was 
devoted largely to the development of superior 
types of bent grasses. No bent-grass breeding pro- 
grams had been developed in the early twenties. 
Greenkeepers used what they could get. By and 
by, on some of the older golf courses of the coun- 
try, notably some of those around Washington, 
D. C., different types of bents began to evolve in 
greens that originally had been seeded to South 
German mixed bent. Upon taking cores or plugs of 
sod out of some of these patches of bent and plant- 
ing them in a clean seed bed, it was observed that 
the selections began to spread. The grasses were 
types of creeping bents. By this method of selec- 
tion, which is still being used, a large number of 
creeping bent types have been selected, tested, and 
discarded. Only a few types have survived the test 
of time and use. Two of the most popular strains 
for putting greens today are Arlington (C-1), and 
Congressional (C-19), both highly disease-re- 
sistant. Other selected strains in use include Co- 
hansey (C-7), Toronto (C-15), Collins (C-27), 
and Old Orchard (C-52). Metropolitan creeping 
bent, long a favorite, suddenly disappeared in a 
span of two years from an unprecedented attack 
of disease to which this strain of bent was suscep- 
tible. Washington bent, another selection, has sur- 
vived better than Metropolitan, but it is very 
susceptible to dollar spot and it loses its color 
rapidly in the fall, when cool weather comes. It is 
being replaced by better types of creeping bents. 

A new development in the breeding of better 
bents for putting greens is the polycross nursery. 





Several desirable types of creeping bents that are 
the product of rigorous selection are planted side 
by side in cultivated rows and are allowed to pro- 
duce seed. The results of this open pollination, 
termed “polycross seed,” promise a very bright fu- 
ture. Naturally, many, many different types of 
bents will be evolved in this open-pollinated poly- 
cross mixture, and this is exactly what most golf 
course superintendents want. It will tend to de- 
velop the best-adapted type of turf regardless of 
conditions under which the seed is sown. 

For more than fifty years we have been seeing 
occasional plantings of zoysia, but until 1945 no 
breeding work had been done on this important 
turf grass. Considerable selection work had been 
accomplished, but the selections had not been eval- 
uated under actual use. Today at the Plant Indus- 
try Station, in Beltsville, Maryland, the U. S. De- 
partment of Agriculture and the USGA Green 
Section are working diligently on the breeding 
and testing of zoysia grasses, alone and in com- 
bination with superior cool-season grasses. The 
future for lovers of turf is bright indeed. The story 
of zoysia is fascinating and someday soon it can be 
told. Of extreme importance is the fact that it 
produces seed of excellent quality, and already 
we know many facts about how to use the seed 
to advantage for establishing turf. Other advan- 
tages of zoysia include its ability te thrive on sub- 
soil with little or no organic matter and to produce 
good turf with very limited amounts of fertilizer. 
It can go for long periods between irrigations. It 
is highly resistant to insects and disease and it can 
fight crab grass to a standstill under its own terms. 
Zoysia is at its best in hot weather when blue- 
grass and fescue are weakest, thus providing an ex- 
cellent “partnership” that will result in high-qual- 
ity turf throughout the year. Apparently the zoysia 
family knows few climatic limitations. Zoysia needs 
less mowing than most other grasses to maintain 
acceptable turf. This in itself is a great advntage 
to the homeowner. 

During the past twenty years another chapter in 
turf-breeding history has been developed at the 
Pennsylvania State College, where H. B. Musser 
has been working with bluegrasses and with red 
fescues for at least that long. With assistance and 
encouragement from the USGA Green Section and 
from Oregon seed growers, the fescue-breeding 
program has assumed new and important propor- 
tions. In the testing plots at Penn State and at 
Beltsville several of the new types of creeping red 
fescue, the result of the Musser breeding pro- 
gram, have outstripped all others in the field of 
performance. They have been able to succeed even 
though planted in the spring in our Washington 


264 


climate. They have been able to surviv: 
attacks of crab grass and have emerged t 
They are disease-resistant and they tol 
mowing. Steps are now being taken t 
commercial supplies of seed of these suy 
cues. Testing is going on to determin 
they will combine with Merion bluegrass 
question to which everyone immediately 
know the answer, because the seedsmen have bed 
selling fescue-bluegrass mixtures for many yea 
All too frequently, however, they have not pr 
duced a satisfactory lawn because the old mixtuy 
have contained only disease-susceptible grasses 

What will these new improved grasses mean 
the discouraged homeowner? We know that the 
will be better home lawns with less effort and vw; 
fewer disappointments, People will begin to eniq 
their lawns and to look upon them with prid 
Weed problems will be minimized, and fey 
periods of irrigation or sprinkling will be require 
Attention will have to be given to insect control, 
always, but the effort will be more enjoyable a 
worth while because the results will be so mu 
more gratifying. As these better grasses becor 
available to the homeowner there will be less n 
for quick-growing temporary or special-purpo 
grasses such as rye grass, redtop, and timothy. 7! 
improved strains will do better without the comp 
tition of these “pretenders.” 

Another extremely important feature of the it 
proved turf grasses that are being developed pr 
marily by and for golf interests is that they 
be mowed closely without injury. This is demand 
in good golf turf and is preferred by most hon 
owners. Until now we have had to tell the hom 
owner to mow turf high, in order to give the la 
a fighting chance against disease and weeds. No 
he can mow his lawn as he likes it. Most law 
books and bulletins will shortly have to be revi 
because high mowing of the improved turf gras 
actually can be detrimental. This situation 
exist so long as the grasses developed for golf tu 
are used on the home lawn. For example, neat 
every disappointment that has been record 
against Merion bluegrass to date has occurt 
where the owner was mowing high (11/2—2 inches 
as he has had to do to keep common bluegraj 
High mowing (11% inches) of Bermuda grass 3! 
of zoysia tends to be detrimental to good lawn tu 
and, of course, cannot be tolerated for golf tu 
This news wiil make many homeowners happ} 

We have often heard the homeowner’s plain 
request for “a lawn grass that will grow two incl 
high and stop so we won’t have to mow it.” Amo! 
golf course superintendents it is well known t 
frequency of mowing is a large factor in produ! 
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, firm, dense, well-knit turf. In general a turf 


deteriorates in direct proportion to the span of 
time between mowings and thus to the amount of 
srass removed at each mowing. Infrequent, high 


mowing produces stringy, “leggy” turf that has 
little resistance to wear. Close, frequent mowing 
tends to create dense firm turf that is far more 
wear-resistant. This fact is neglected most often 
of all places) on athletic fields. The mortality of 
the turf during game time on a wet field is all too 
well known to require comment here. 

The day of better turf with better grasses is here 
not only for golf but for (at long last) the home- 
owner and all others who want and appreciate the 
best in turf. It should be recorded that the tax-pay- 
ing public is indebted in a large measure to golf 
for the improved turf grasses that are being grown 
today for all turf uses. The steady insistence of 
ereenkeepers and golf course superintendents to 
the United States Golf Association Green Section 
and the U. S. Department of Agriculture for as- 
sistance with their turf management problems has 
been almost wholly responsible for the steady prog- 
ress and growth of knowledge of better turf. The 
assistance of cooperating state experiment stations 


has been an inevitable development, with a few 
pioneers leading the rest. As a result of the develop- 
ment of the coordinated national turf program we 
find that there is as great a need for extension 
teaching as there is for practical research. This 
service, a function of state extension services, is 
being requested in several states at the present 
time. 

Thus we see that, within the past few years, turf 
management has begun to assume its rightful place 
in agriculture on a par with other specialized sci- 
ences. The fact that virtually every living person 
is affected by and is deeply appreciative of good 
turf lends popular support. The need for good turf 
of many kinds by the armed services and by high- 
way commissions lends dignity and necessity to this 
new agricultural science, which heretofore has 
had to struggle along with insufficient funds. Popu- 
lar demand on the homeowner front alone should 
bring about a growing recognition of the need 
for better grasses for better turf. 

Frep V. 
U.S. Golf Association Green Section 
Plant Industry Station 
Beltsville, Maryland 
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FIFTH ANNUAL INTERNATIONAL PHOTOGRAPHY-IN-SCIENCE SALON 


Entries in the Fifth International Photography-in-Science Salon, 
sponsored annually by THe Screntiric MonTHLy and the Smith- 
sonian Institution, should be sent (prepaid) to the Editor, The 
Scientific Monthly, 1515 Massachusetts Ave., N.W., Washington 5, 
D. C., Nov. 1—Nov. 27. All accepted photographs will be shown at 
the AAAS meeting in Philadelphia Dec. 26-31, and later throughout 
the United States. For entry blanks and full information write to 
The Scientific Monthly, 1515 Massachusetts Ave., N.W., Washing- 


ton 5, D. C. 





BOOK REVIEWS 


THE LIFE OF SCIENCE 


The Heavens Above. J. B. Sidgwick. xv + 333 pp. Illus. 
$4.00. Oxford University Press, New York. 1951. 

Johannes Kepler: Life and Letters. Carola Baumgardt. 
209 pp. $3.75. Philosophical Library, New York. 1951. 


l* PART, at least, The Heavens Above seems to be 
an outgrowth of World War II. With the blackout in 
England, and the duties of airplane watchers and 
others who had to give their attention to the sky at night 
as well as by day, the stars were brought strongly into 
the consciousness of many Britons who had previously 
ignored them. For the benefit of such enforced star- 
gazers, Mr. Sidgwick, who was a British naval officer, 
wrote his Astronomy for Night Watchers, which was 
published in the United States as Introductory As- 
tronomy. 

Later, in 1948, The Heavens Above was published in 
England, and it so appealed to Warren K. Green, who 
is professor of astronomy at Ambherst, that he ar- 
ranged to revise it for a U. S. edition, which is the 
volume before us. The exact nature of these revisions 
is not indicated, but apparently they were largely to 
remove references that would have been familiar only 
to a British reader. In any event, Green has admirably 
succeeded in his aim, in doing the rewriting, to re- 
produce Sidgwick’s pleasing style. It would be difficult 
indeed to distinguish between the work of the two 
authors. 

Starting with such familiar matters as the observed 
motions of the heavenly bodies, including, for example, 
the fact that Mars sometimes seems to reverse its 
movement for a time, the first chapter states the prob- 
lem. The second chapter—The Problem Solved—deals 
with the real motions that produce these effects, telling 
how the ancients attempted to explain them, in the 
Ptolemaic theory, and how they are explained today. 

From consideration of distances, and how they are 
measured, the authors work outward through a discus- 
sion of the distribution of the stars to the form of the 
galaxy, and the presence of other galaxies, thus ending 
the first half of the book, which is devoted to Quantity 

-~A Geometric Picture. 

The second half is on Quality—The Nature of 
Things, and it starts off with a description of the spec- 
troscope, by which so much of this knowledge has been 
secured. Having got the matter of movement out of 
the way, the work proceeds unhindered with descrip- 
tions of what the sun, moon, planets, stars nebulae, and 
galaxies really are, as far as we can tell. An appendix 
gives a brief introduction to the problems of spherical 
astronomy, such as the coordinates used by astronomers, 
and the determination of time. 

Though such an arrangement differs considerably 
from that of the conventional text on astronomy, it 
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seems to be a very logical one, which would adapt it t) 
the needs of the teacher of an introductory course. at 
well as to the individual reader who wishes to increag 
and organize his knowledge of the heavens above. 

Mrs. Baumgardt’s little biography of one of the gre 
figures in the history of astronomy, who played a majo; 
part in bringing it to the state described by Sidgwic 
is apparently the first to make use of the great two. 
volume collection of Kepler’s letters to the leading 
scholars and other important figures of his time, which 
was published in Germany in 1930. 

By a judicious selection of extracts from these letters. 
she has given us what is largely an autobiographical 
account of Kepler’s career. In his communications 
his friend and equally great contemporary, Galileo, we 
see how Kepler’s ideas were developing. And we als 
can appreciate his many woes: the death of his wife 
and of one of his sons, accusations of witchcraft leveled 
against his mother, the failure of the Emperor F.udolph 
to pay him the “rather honorable allowance” that had 
been promised. Despite all these troubles, Kepler pre. 
ferred to remain in German surroundings and turned 
down attractive offers from the University of Bologn 
and later from England. 

Though it necessarily lacks the completeness of 3 
larger work, this book does make available in Englis! 
much information about Kepler that previously wa 
lacking, and as such it is a useful addition to Kepleriana 

JAMEs STOKLY 
General Electric Research Laboratory 
Schenectady, New York 


HOW WE SEE THINGS 


Individual Differences in Colour Vision. R. W. Pickford 
xvii + 386 pp. Illus. 30s. Routledge and Kegan Paul 
London. 1951. 


R W. Pickrorp, senior lecturer in psychology : 
¢ Glasgow University, presents in this book 
report of researches in color vision which he ha 
carried out over the past eight years. Eleven hundret 
normal and 178 color-deficient individuals were teste 
in a variety of experiments. The results of the tes 
had not been previously published, and the data ar 
valuable for the understanding of variability amon 
individuals with normal color vision and for the meas 
urements of color deficiency. 

Dr. Pickford has approached the problem from th 
side of direct color experience, and his thinking ! 
probably different from that of those students whos 
approach is from the structural or physiological em 
of the chain of events. But, whatever the approad 
this work has implications for our thinking on 4 
basic mediation of color perception. 

When one considers the manifold problems of 1! 
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seems the best part of valor to accept expert 

Yet expert opinion is rarely unanimous, The 

Dr. Pickford is related in part to a most 

ital problem in color vision—namely, the na- 

number of the color receptors. This problem 

hat has stimulated a good deal of argument and 

in the past, and it is by no means settled. It 

say, however, that most of our experts hold 

to a trichromatic theory. It was the work of the late 

Selig Hecht that provided for a generalized acceptance 

of the Young-Helmholtz theory of three types of recep- 

tors. Most certainly Hecht believed, as do many of our 

significant workers in color vision, such as Wald and 

udd among others, that the whole color domain may 

be described adequately in terms of three variables. 

The problem of polychromatic as opposed to trichro- 

natic theories is not a new one. The basic difficulty 

seems to be that the evidence presented against a 

trichromatic theory is not quite overwhelming enough 

to destroy such a formulation completely and to insist, 

ks in the present book, that a four-color theory derived 
from Hering be adopted. 

Pickford feels that the results he presents, mainly 
rom a psychological—or, better said, psychophysical— 
attack on the problem of color matching by a wide 
ariety of individuals, are convincing evidence of the 
need for at least a four-component theory. He ties up 
iis findings with the newer work of Hartridge on micro- 
stimulation of the retina and of Granit on electroretino- 
graphy. Pickford advocates a form of the four-receptor 
heory with a separate response system for brightness 
s the more adequate representation of the situation. 

Several major experiments are described with full 
letails, including an array of well-described individual 

f interest. The first and last chapters deal with 
general problems of color vision and are excellently done 
for the general reader. The other eight chapters present 
he results of various techniques and situations of testing 
ith normal and deficient subjects. Statistical treatment 
nd presentation of the results are well done. Many 
topics are treated, including heredity, age, sex, race 
personality, training, and occupation. 

Pickford indicates that the type of investigation 
lescribed in this report is only a start. He hopes to 
rganize a survey of at least 10,000 individuals in the 
Pritish Isles in such a manner that comparisons of 
uch factors as age, sex, occupation, geographical region, 
ntelligence, color training, interests, and personality 
ay be studied. This is a large program and would be 
vorth the effort. 

Pickford writes exceedingly well about these most 
omplicated matters, and he is to be congratulated on 
he publication in book form of his extensive series of 
tudies. Whether his ideas will be adopted is not of 
freat import to this reviewer. He has taken some good 
‘ychophysics and applied it with good statistical knowl- 
rdge to the measurement of a complex kind of judgment. 
t times he has demonstrated a high level of clinical 
nsight into the subject’s behavior and has been able 

avoid some of the pitfalls of the measurement of 
puch judgments. 
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The findings are not final, nor will they be treated 
as conclusive, I venture to add, by many workers in 
this field. But possibly the impact of this major work 
will be a reconsideration of some notions we have ac- 
cepted. At least there is much to be gained by a recogni- 
tion of the wide nature of individual differences in color 
vision and of the great difficulty in measuring the differ- 
ences. As a contribution to methodology, if nothing more, 
a step ahead has been made here. The work of Pickford 
should provoke discussion in technical circles. The gen- 
eral reader should be interested in it also, since it can 
be understood without great technical background. As 
a lesson in the history of scientific development, it is 
worth looking at seriously. 

SHERMAN Ross 
Department of Psychology 
University of Maryland 


MOUNTAINS FOR SPORT 


Climbs in the Canadian Rockies. Frank S. Smythe 
260 pp. Illus. $4.50. Norton, New York. 1951. 


HIS is a book of happy adventure in remote and 

ever-beautiful places, among mountains that casual 
visitors to the more accessible travel spots in Canada’s 
West can only appreciate from a distance. The beauty 
and majesty of unfamiliar spires in the Canadian Rock- 
les as captured by the author’s camera and as pains- 
takingly reproduced by the publisher are in perfect 
harmony with the descriptive skill Frank Smythe uses 
in painting his word portraits. His deep love for new 
vistas, untrod peaks, endemic flora, and little-known 
dwellers of field and stream stands out like the colors 
of a knight in gleaming armor. 

This is the perfect answer to those who ask, “Why 
bother with such impossible climbs?” or “What do you 
get for all the discomfort of sleeping in the open, eating 
meager rations, risking your life many times for every 
hour aloft?” To which the author replies: 


I well remember running down the screes [piles of talus 
or rock waste at the base of a cliff] which had been so 
unpleasant to climb, in a matter of minutes, and of tak- 
ing great leaps and driving my heels into their yielding 
surface with the same delight as our hairy ancestors ex- 
perienced when they danced on the slain bodies of their 
enemies. [Or, in a less aboriginal vein, perhaps]: It was 
a queer reflection to know that in all those hundreds, per- 
haps thousands of mountains which vanished over the 
horizon’s brim, not one had been climbed. We stood in the 
midst of a virgin land. In the prosaic century in which 
we lived, where politicians are seeking to reduce life to a 
formula, it was still possible to escape to a land unmeas- 
ured and unexplored. No doubt it will all be mapped in 
the future, probably from the air, but for many years its 
peaks and lakes and valleys will be safe from the clutch of 
civilization. 

Beneath us stretched the glowing expanse of the ice 
field, laid like some spotless linen cloth between the 
mountain tops. It was a discovery, and happily, one that 
had no commercial value. It was something that no man 
had trodden, or wanted to tread, except for one man 
... We spent some time on the summit in the sun, noting 
as far as possible, details in the panorama 








Here is a book for all lovers of the great outdoors, for 
the amateur as well as the experienced climber. Elemen- 
tary details are included in the text in such a way they 
do not intrude upon the story the veteran climber wants. 

Some of the peaks described offer no difficulty at all 
to the physically able. Ascents along strata that are 
gently inclined give the beginners satisfying thrills and 
a deep feeling of adventure in exchange for little effort. 
But where the strata are steeply tilted, greater experience 
is needed; and when peaks are vertical the chimmeys 
and cracks that produce jagged pipe organ effects offer 
even greater challenges. In Part I of this book the 
author deals solely with the Canadian Rockies between 
Whitehorn Mountain, on the north, and Victoria Peak, 
close to the United States border on the south. This is 
the area most popular with those contemplating moun- 
tain holidays in Canada. 

Part II takes in the ranges of British Columbia, the 
Selkirks and the Coast Range, where granite peaks are 
as steep and difficult as the aiguilles of Chamonix on 
Mont Blanc. Here climbing is every bit as good as in 
the mountains of Switzerland. 

The idea for this book was born when the author, a 
distinguished British mountaineer, accompanied a mili- 
tary mission to the United States and Canada. The 
mission had as its principal objectives the ordering of 
American mountain and skiing equipment, and the 
selection of a training area for the Lovat Scouts. a 
British regiment which had been detailed to receive 
instruction in high-mountain warfare of an Alpine 
nature. 

Certainly there can be no doubt in any reader’s mind 
about the ruggedness of the areas selected, after reading 
Smythe’s latest great adventure. Mountaineering in that 
part of Canada does not consist of walking up a well- 
graded path to a hut, or ascending by funicular to a 
comfortable hotel, and spending the next day climbing 
a mountain along a route scratched and grooved by the 
feet of many predecessors—a compact and beautifully 
bound guidebook in one pocket and a detailed, large- 
scale topographic map in another. 

Herpert B. NicHors 
U.S. Geological Survey 
Washington, D. C. 


VOYAGE TO THE MOON 


Rockets, Missiles, and Space Travel. Willy Ley. xii+ 
436 pp. Illus. $5.95. Viking, New York. 1951. 


HE appearance of a new book by Willy Ley is a 

treat for both the literary and the scientific reader. 
Rockets, Missiles, and Space Travel is a rewritten ver- 
sion of Rockets and Space Travel, but it contains so 
much additional material that it may be considered 
as practically a new book. 

Rocketry, until the development of the V-2, was con- 
sidered by most people to be either fictional in its con- 
cepts or a quirk of fanatics. Such an amazing attitude 
of mind was found in 1940 even among the technically 
trained. But this is not in keeping with the ancient his- 
tory of the use of rockets as weapons of warfare. The 
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concept of space travel dates back at least as far « 
the Greeks, and at one time it was a race between 
rockets and conventional artillery as to whic! would 
dominate in warfare. Fiction has had an important jp 
in indoctrinating mankind into the concept of spac 
travel—far more so than research until the past fey 
years. Rocketry may therefore be considered as a clea. 
cut case in which fiction prepared the minds of may 
people for the ultimate utilization long before engineer 
and scientists dared hint at such an achievement, 7) 
engineers rockets meant war rockets and probably «il 
do to some with limited imaginations. 

The work of Goddard in America and Oberth in Ge. 



































many heralded the beginning of the successful engineer. he / 
ing of liquid-fuel rockets. Solid-fuel rockets are definitely vii + 
limited to warfare, or as boosters for liquid-fuel rocket Yor! 





In order to get the type of power plant required {oy 
space travel, liquid-fuel rockets are essential. The great- 
est advance in rocketry prior to 1945 probably took placed 
at Peenemiinde, Germany, and culminated in the V.)) 
the liquid-fueled rocket used to bombard England dur 
ing World War II. An important aspect of the V-) 
is that there is no known defense against such a missi! 
at the present time. 

Parallel research in America resulted in the develop 
ment of the rocket plane, X-1, and the high-altitude 
rocket, the WAC-Corporal. After 1945 German rock 
science was grafted onto the American. The Viking 
which is designed to reach ultimately about 350 mile 
may be considered the first result of the marriage ¢ 
German and American rocket science. It is highly prob 
able that even more important <evelopments, such 2 
high-altitude interceptors, have reached a_ practice 
stage. For obvious reasons achievements would not } 






















publicized. 

The actual penetration of free space by the WAC 
Corporal, which was fired in a two-step rocket using 
V-2 as the lower stage, was accomplished on Februar 
24, 1951. This feat removed space travel from the fil 
of fiction into an engineering probability. Ley also dis 
cusses the space terminal, which has been consider 
in its elementary form as a rocket satellite by the Unite 
States. However, the true terminal in space would 
of much greater importance than a rocket satellit 
owing to its practical value as a fueling station 1 
flights to the moon and the planets. 

Ley limits his discussion of fuel problems primati 
to chemical fuels, because whatever work has been « 
complished in the application of atomic energy to roc 
ets has not been made public. His discussion of gravil 
in Chapter 10, The Rocket inte Cosmic Space, emph 
sizes our present lack of knowledge of gravitation 
fields. He points out the logical weaknesses of the by 
pothesis of a gravity screen, a device that has often be! 
used by writers of science fiction as a means of 0 
quering free space. 

Appendix I, Rocket Airplanes and Rocket-assist 
Take-off, is practically a chapter in an engineering ( 
Appendix Il contains 28 tables, and sections on 
engineering characteristics of rocketry, with some of! 
historical aspects of particular interest to the speci 
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complete and erudite chart of high-altitude meteor- 
gical conditions and observations is pasted in the back 
| ok. This is a comprehensive and reliable sum- 
sary of known knowledge in this field. 
sys new book upholds his reputation of being an 
as well as informative writer, and anyone 
-d in rocketry and the next frontier of engi- 
achievement, space travel, will find his book 
ful and enjoyable. 
THomas S. GARDNER 
ford, Ne w Jersey 


SCIENCE AND PHILOSOPHY 


he Impact of Science on Society. Bertrand Russell. 
vii+64 pp. $2.00. Columbia University Press, New 
York. 1951. 


HE writings of philosophers are not in general easy 

reading for physical scientists, and (I suppose) vice 
ersa; but the present reviewer unexpectedly found this 
wok to be rather easy reading. It may therefore be rec- 
mmended to other scientists and to lay readers. It con- 
ins three lectures delivered by Lord Russell at Colum- 
ia University on the subjects “Science and Tradition,” 
Efects of Scientific Technique,’ and “Science and 
falues.”” 
In the first lecture the author recounts the effect of 
ience on unfounded traditional beliefs. One of these 
as the regarding of comets as portents of revolutions, 
ar, and pestilence. With the progress of astronomy 
id the establishment of Newton’s law of gravitation, 
mets were found to be no more supernatural than 
lanets, the only difference being in the degree of eccen- 
icity of their orbits. Still the victory of science in this 
se is not yet complete. Today’s many devotees of as- 
ology regard the planets as possessing the power of 
werning the future of individuals born under their 
fluence. 
In the second lecture the author points out that in 
> late Middle Ages two scientific discoveries were 
ade that have had a profound influence on later civili- 
itions—gunpowder and the mariner’s compass. Nothing 
equal importance occurred in later economic history 
ntl the age of steam and the industrial revolution at 
ic beginning of the nineteenth century. The next im- 
rtant effect of scientific technique was in electricity- 
te telegraph and the telephone. These instruments in- 


teased the power of central governments and dimin- 


hed the initiative of distant subordinates. This made 
sible organizations covering large areas. At the pres- 


mt time a new technique—the utilization of atomic 
nergy 


is still in its early infancy; it will doubtless 
ave a greater effect on civilization than anything that 
iS preceded it. 

In the third lecture the author speaks of the kind of 
hilosophy that seems to be suggested by science in mod- 
n times, and of what hopes for mankind science has 
ndered possible. The philosophy that has seemed ap- 
topriate to science has varied greatly from time to 
me. In Newton’s day in England, in spite of Coper- 
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nicus, man was still the moral center of the universe and 
the principal concern of God’s purposes. This philosophy 
suffered various changes; and now modern astronomy, 
picturing to us the immensity of the universe with its 
multitude of stars like our sun, probably also with 
planetary families and possibly with living creatures 
here and there, rather reduces our human race to an in- 
significant episode in the universe. Science used to be 
valued as a means of getting to know the world; now, 
owing to the triumphs of technique, it is conceived as 
showing how to change the little world on which we 
live. This raises the question of what hopes for the 
world are legitimate and rational in the existing situa- 
tion. 

Science can abolish excessive hours of labor. The in- 
vention of the cotton gin and of other types of agricul- 
tural machinery illustrates this. The growth of the sci- 
ence of medicine has conferred an immense boon on 
mankind. In the eighteenth century people expected 
most of their children to die before they were grown up. 
The situation began to improve in the nineteenth cen- 
tury, chiefly owing to vaccination. The sum of human 
suffering has also been much diminished by the discovery 
of anesthetics. Moreover, there has been an increase of 
opportunity. It is much easier than it used to be for a 
young man without inherited wealth to rise to a posi- 
tion where he can make the best use of his talents. The 
waste of talent in former times makes the author say: 
“I shudder to think how many ‘mute inglorious Mil- 
tons’ there must have been.” 

Finally, the author says: “There is more diffused hap- 
piness than ever before, and if the fear of war were re- 
moved this improvement would be very much greater 
than it is... . The near future must be either much 
better or much worse than the past; which it is to be I 
do not know, but those of you who are still young will 
know before very long.” 

Paut R. Hey1 
Washington, D.C. 


UNDERSTANDING SCIENCE 


The Early Development of the Concepts of Temperature 
and Heat, Duane Roller. iv + 106 pp. $1.25. Harvard 
University Press, Cambridge. 1950. 


HIS is No. 3 of a 
Experimental Science.” 1 and 2 
first Conant’s Terry lectures delivered at 
Yale in 1946 and later in 1947, published as a part of 
the book On Understanding Science—An Historical 
Approach. The editor of the case histories, Dr. Conant, 


series of “Case Histories in 


Numbers were 


released in 


considers 


the purpose [is] to assist the student in recapturing 
the experience of those who once participated in exciting 
events in scientific history. . . . The [essential intent is], 
. . . by the intensive study of the actual work of some of 
the past . . . the methods they employed [may] stand out 
clearly. . . . With [such] an introduction . . . the inquir- 
ing citizen ought to be in a position to continue his 
scientific education throughout his life. 





The booklet under review presents a brief account 
of the caloric theory, traces the evolution of the ther- 
mometer, and spotlights the investigations of Joseph 
Black, from which the concepts of specific heat and 
latent heat emerge; describes Count Rumford’s experi- 
ments, which contributed to the decline of the caloric 
theory and the growing acceptance of “heat as a 
form of motion” for explaining thermal phenomena; 
and discusses Humphrey Davy’s experiments as con- 
tributors of evidence leading to the modern theory of 
heat. 

The author documents his presentation with generous 
offerings of quotations lifted from the actual written 
reports of the three investigators mentioned. He does 
an excellent job of integrating the excerpts by his inter- 
pretative interpolations. 

The booklet has, as a sort of appendix, ten pages of 
questions, presumably for classroom use. There are three 
pages of bibliography listing 56 references. Booklets 
such as this should greatly facilitate a “closer integra- 
tion of sciences with the humanities . . . and. . . con- 
tribute to the participation of science in the program of 
a general education.” 

B. Currrorp HEeNnpricKs 
Department of Chemistry 
University of Nebraska 


HISTORY OF AN IDEA 


Evolutionary Thought in America. Stow Persons, Ed. 
x + 462 pp. $5.00. Yale University Press, New Haven, 
Conn. 1950. 


HIS volume, prepared for the special program 

on American Civilization at Princeton University, 

consists of three essays on the theory of evolution, and 

eight on various aspects of its impact and influence on 

evolutionary thought in America. All are authoritative, 
although they vary widely in style and scope. 

The three introductory essays are on “The Rise and 


Impact of Evolutionary Ideas” (Robert Scoon); “Evolu- 
tion in its Relation to the Philosophy of Nature and 
the Philosophy of Cuiture” (F. S. C. Northrop); and 
“The Genetic Nature of Differences among Men” (Th. 
Dobzhansky ). The first of these is a broad survey of the 
history of the idea of organic evolution, comprehensive 
but rather too sweeping to be accurate in all details and 
points of view. The contribution by Northrop is char- 
acteristic of this author. Most of the ideas will be 
familiar to those who have read The Meeting of East 
and West or The Logic of the Sciences and the Hu- 
manities. The treatment of Aristotle’s place in the con- 
ception of evolution appears to confound Aristotle's 
ideas about the development (“evolution”) of the 
individual and the great scale of being with a genuine 
conception of organic evolution in the modern sense. At 
least Northrop’s views are quite at variance with those 
of such a modern scholar of Aristotle as Edelstein. Turn- 
ing to Dobzhansky’s contribution, we find a clear and 
comprehensive discussion of the genetic principles that 
underlie human variation and are consequently basic 
to a sound application of evolutionary thinking to other 


fields. 
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The fields of American thought influenced by eyoly. 
tion and discussed here are as follows: sociolo Robt 
E. L. Faris); political and constitutional theory (fy. 
ward S. Corwin); economics (Joseph J. Spengler). 
psychology (Edwin G. Boring); literature (Malcolm, 
Cowley); architecture (Donald Drew Egbert): moral 
theory (Wm. F. Quillian, Jr.); and theolo: 
Persons). The panorama is interesting indeed, 
limitations of space prevent more than a few « sraments: 
Social Darwinism, through such protagonists as William 
Graham Sumner, Lester Ward, and John Fiske. plays 
a prominent part in a number of these essays; but the 
important influence of evolution on American thought 
through such founders of pragmatism as Chauncey 
Wright and Charles S. Peirce, and so brilliantly deline. 
ated by Philip Wiener in his recent book, has escape; 
the attention of the present group of contributors. The 
same current of evolutionary thought, through Nicholas 
St. John Green and Oliver Wendell Holmes, Jr., has 
had an overwhelming influence upon our legal and con- 
stitutional traditions—but this has been altogether over- 
looked by Professor Corwin. On the other hand, the 
essays on economics, psychology, moral theory, and 
theology are particularly valuable for their broad scopy 
and their critical, exhaustive treatment of their re 
spective subjects. 

It may seem straining a point to have included liter 
ature and architecture. This has been done by identify 
ing evolutionary thought in American literature with 
naturalism, exemplified in the work of Eggleston, Howe 
Howells, Norris, Dreiser, and London as_ pioneers 
and of numerous later writers; and in architectu 
with organic expression and functionalism, exemplifie 
in the buildings of Louis Sullivan, Frank Lloyd Wright 
and Walter Gropius. The bond is there, if rather tenu 
ous. These two essays remain interesting and valuabl 
in their own right. 

One may conclude that although this collection of es 
says is by no means a definitive work on the subject 
nevertheless it fills a real need and will be useful t 
students and stimulating to general readers. It is sur 
prising that no general assessment of the importan 
influences of evolutionary thought in America had beet 
made previously. Princeton (and Yale) deserve credi 
for the undertaking. 

BENTLEY GLAS 
Department of Biology 
The Johns Hopkins University 


CENTRAL FACTS OF BIOLOGY 


The Life of Vertebrates. J. Z. Young. xv + 767 pp. Illu 
$8.50. Oxford University Press, New York. 1950. 


IOLOGY, as seen through the offerings of Amer 

can colleges and universities, consists of a rathe 
standardized set of courses. In any particular subjed 
emphasis may vary from institution to institution a0 
from instructor to instructor; the same can be sai 
about texts. Different books in comparative anatomy 
for example, have emphasized such aspects as morphol 


ogy, taxonomy, physiology, embryology, and paleonto 
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many the subject matter has been largely 
toward man. Although The Life of Vertebrates 
should probably be classed with textbooks of compara- 

, anatomy, it has overflowed conventional boundaries 

red much that has heretofore been presented 

books dealing with other aspects of biology. 
author has made “an attempt to define what 

i by life of vertebrates and by the evolution of 
\s a consequence one discovers in its chapters 
not only what one is accustomed to find in comparative 
anatomy texts, but much more. The emphasis is on the 
“central fact of biology, that life goes on.” Thus one 
ands material of ecological, physiological, and biochem- 
cal nature reinforcing the anatomical and evolutionary. 
[here is a chapter on man’s impact on fishes, in which 
the concept of the biomass is well presented, and another 
on the behavior of birds. Such topics as the dynamics 
of flight in birds are given more than passing notice. 

There are 32 chapters. The arrangement is systematic, 
proceeding from the earliest chordates (in spite of the 
title!) to the mammals. A uniform treatment is given 
each group, beginning with external features and going 
on to the skeleton, muscles and locomotion, feeding and 
digestion, circulation, respiration, excretion, reproduc- 
tion, the nervous and sensory organs, and_ behavior. 
\lthough some 200 pages are devoted to the ancestry 
and classification of mammals, their structure, function, 
development, and evolution within the class have been 
left for a second volume. 

Whether this book will be popular among college 
students is a question. To many of them comparative 
anatomy is just a requirement or a recommended course 
for medical school. These are the premedical students. 
But there are others, students with a broader apprecia- 
tion of biology. The former group could profit by using 
this book; the latter may be more apt to enjoy it. 
Where comparative anatomy is taught as a one-semester 
course probably few instructors will attempt to use the 
book because of its length. In year courses it should fit 
better. 

Despite the breadth of coverage, the book seems to 
be remarkably free from errors. References arranged 
by chapters are given at the end, much increasing the 
value of the book. 
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Haroitp B. Hircucock 
Department of Biology 
Middlebury College 


MODERN AGRICULTURE 
ps in Peace and War. The Yearbook of Agricul- 
ture, 1950-1951. Alfred Stefferud, Ed. 942 pp. Illus. 
$2.50. Superintendent of Documents, Washington, 
D. C. 1951. 


N IRATE poinsettia grower has recently written to 
one of the trade journals that three different ex- 

perts at Beltsville have given advice of “no earthly use.” 
He points out that for fifty years he has been a success- 
ful poinsettia grower “without photoperiods, inhibi- 
lory influences, dissection, primordia, cyathium, meri- 
‘tem, anthesia, etc.”—all of which were flung at him by 
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the cloistered scientists of Beltsville. “No, sir, I just 
used good soil, remembering . that there is nothing 
better to mix with soil than old cow manure, but be 
sure it is from an old cow!” 

There could scarcely be a better peg upon which to 
hang some notes on this most recent issue of the year- 
book of agriculture. For both the poinsettia grower and 
the Department of Agriculture represent trends that 
are symptomatic. The grower—or he might just as 
well be an equally successful farmer—is rightly im- 
patient when the erudite terminology of botany is 
dished out to him, instead of down-to-earth informa- 
tion. For there are pedants at Beltsville just as in any 
other seat of learning. 

The USDA, on the other hand, as every scientist 
knows, must rear its research program upon basic sci- 
ence, and the terminology of this, if not always its con- 
tent, is appalling. Actually, it is fit only for the techni- 
cal journals and even the abstracting of it has reached 
astronomic heights. 

The sponsors of the present volume seem to have 
realized some of this in choosing the subjects to include 
and particularly the men and women to write about 
them. The result is an amazing amount of information, 
though much of it is still beyond the ken of the poinset- 
tia grower, and of many others. Hence the editorial 
wisdom of including a 29-page glossary. There is also 
a pretty comprehensive index. What one hopes for is 
that future volumes will always contain such good in- 
dices, but be guided by an editorial policy that makes a 
glossary unnecessary. For the book is not, and should not 
be, a textbook for experts, but for the average intelligent 
reader who wants to know what recent developments in 
agriculture are really significant. 

In a brief review it is impossible to note even a 
fraction of the more than 140 separate articles. They 
are grouped under headings such as “Food, or Feed or 
Fabric,’ “Starch Has Many Uses,” “Vegetables and 
Fruits,” “Oilseeds, Oils and Fats,’ “To Keep 
Us Well,” etc. Nearly all the articles deal with the mod- 
ern utilization of crops, scarcely at all with the grow- 
ing of them. One of the best is on “Fermented Soy 
Foods and Sauce,” which, although extremely informa- 


Some 


tive, does not drive one inevitably to the glossary. 
NoRMAN TAYLOR 
Elmwood 


Princess Anne, Maryland 
GERIATRIC MEDICINE 
Disease in Old Age. Robert T. 


$5.00. Harvard University Press, Cambridge, Mass 
1951. 


Monroe. xi +407 pp. 


HE relatively new clinical field of geriatric medi- 

cine is growing rapidly both in scope and in ur- 
gency. As in the development of all new areas of 
thought, ideas, theories, and generalizations are formu- 
lated first; a later step is the careful accumulation of 
objective information on a scale large enough to be sta- 
tistically valid. Geriatric medicine cannot come into its 
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own until a vast body of facts has been accumulated, 
digested, and absorbed. 

Dr. Monroe’s monograph—an analysis of the clinical 
and pathologic records of nearly eight thousand pa- 
tients aged sixty-one or over admitted to the Peter Bent 
Brigham Hospital, Boston, in the thirty years from 1913 
to 1943—is a major contribution in this direction. The 
statistical analyses are significant in giving us essential 
information concerning incidence, complications, pro- 
gression, and overlapping of disorders, and they clearly 
demonstrate the interaction of multiple chronic dis- 
eases accumulating as age advances. It is not surprising 
that data re-emphasize the importance of increasing 
variation with age. The socioeconomic factors in chronic 
illness are pointed up with convincing statistical evi- 
dence. 

The style is precisely factual, and tabulations present 
the material in a concise manner. The typography is ex- 
cellent. The author is to be congratulated upon a mag- 
nificent contribution to the field of geriatric medicine, 
for he has refined the ore from a rich mine of informa- 
tion. As a reference source the volume will be of great 
value, not only to clinicians dealing with the elderly, 
but also to epidemiologists, sociologists, and biologists 
concerned with the growing and complex problems of 
gerontology. 

Epwarp J. STIEGLITZ 
Washington, D. C. 


BRIEFLY REVIEWED 


Paul Ehrlich. Martha Marquardt. 255 pp. $3.50. H. 
Schuman, New York. 1951. 


{' THE spring of 1876, while Paul Ehrlich was an 
undergraduate student at Breslau, Robert Koch, an 
unknown physician, presented to the faculty and stu- 
dent body unequivocal proof of the germ nature of dis- 
ease. This was one of the great landmarks in the his- 
tory of medicine. During Koch’s stay in Breslau he vis- 
ited the various research units and was taken to the 
laboratory desk where Ehrlich was investigating the 
staining reactions of dyes. There are no records of other 
than casual remarks passing between the two on this oc- 
casion, yet within six years Koch was destined to dis- 
cover the causative agent of tuberculosis and Ehrlich to 
collaborate in the development of a special staining re- 
action that led to the recognition of the germ in infected 
tissues. This was an achievement of great personal sig- 
nificance, since Ehrlich shortly thereafter developed tu- 
berculosis and went to Egypt for two years to overcome 
the affliction. On his return to Berlin, Koch provided a 
position in the Institute for Infectious Diseases, where 
Ehrlich plunged into his lifework of attempting to un- 
ravel the mechanisms by which the body resists infec- 
tious agents. As a result of these studies, he shared the 
Nobel prize in medicine in 1908 with Metchnikoff, of 
the Pasteur Institute of Paris. 

The author of the present biography, Martha Mar- 
quardt, served as Ehrlich’s personal secretary from 1902 


until his death in 1915, an interval that covere 

ond phase of his scientific career, often design, 
Frankfurt era. Here his researches on chemotherapy. par. 
ticularly the discovery and development of the clinica| 
use of arsenicals in the treatment of syphilis, becam, 
world-famous. Miss Marquardt presents an intrig 
account of the brilliant mind and kindly nature of th 
great medical scientist. Those who saw The Magic B, 
let, the motion picture depicting the life of Ehriicl 
will enjoy this book. It should be in the hands of ever 
chemist as well as every individual interested jn 4j 
health sciences. 


Nature’s Ways: How Nature Takes Care of its Oy, 
Roy Chapman Andrews. 206 pp. Illus. $3.75. Crow 
Publishers, New York. 1951. 


ANY of the color illustrations that embellis 
M this book should be familiar to those who read 
advertisements, for they are the highly finished pain. 
ings of various animals distinguished for their peculiar 
camouflage, protective behavior, or other habits tha: 
originally were used to demonstrate the virtues of being 
well insured. To these have been added a large selection 
of black-and-white illustrations, mostly from photo- 
graphs, and a simple, descriptive text. “It is a book,” 
the words of the anonymous author of the dust-jacke: 
“blurb,” “for every American home, with great perma 
nent appeal for young and old.” It is indeed a fine gift 
book for an inquiring adolescent, in spite of the mild 
flavor of Lamarckism that now and then creeps into the 
commentary. 


Annual Review of Physical Chemistry. Vol. 1. G. kK 
Rollefson and R. E. Powell, Eds. vii + 382 pp. $6.0 
Annual Reviews, Inc., Stanford, Calif. 1950. 


t be publication of this volume initiates for phys- 
ical chemists an annual service in their field that 
has been available to biochemists for the past 19 years 
The volume’s preface promises that “in general, th 
topics to be selected will follow those common to text: 
books in physical chemistry. Allowance, however, w 

be made for added topics in order to give adequate co\- 
erage for new fields as they appear as well as to allow 
for variations of activity in the older ones.” 

Volume | lists 18 topics in which the time spread, for 
the articles inventoried for the individual chapters, 
varies from one to fourteen years, the median being 
about four years. The bibliography lists some 2,5 
titles. In addition to these references which follow eac! 
chapter, an author index of more than 2,400 names 
and a subject index of 1,500 or more subtopics indicate 
how useful the work will be to the seeker of reports 
from others in his field. 

Finding such reviewers as Rossini for Thermochem- 
istry, Hildebrand for Solutions, Wheland for Valence 
Mann for Spectroscopy, Daniels for Kinetics, Ta‘ 
Catalysis, Noyes for Photochemistry, Mark for Pol) 
and Weiser for Colloids instills confidence in the 
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and objectivity of the reviews in this first volume. 
[his publication, and its successors, should be of 
especial vorth to teachers of physical chemistry as an 


Cl 


, stimulus to keeping their course offerings up 
to graduate students looking for a field of re- 
arch, and to the industrial specialist directing his at- 
tention to broader fields of scientific advance and as an 
antidote to his impulse to stay too closely within the 
croove of his narrow field of specialization. 

The table of contents of the second volume, which is 


aid and 


to date 


io be issued this year, is released on page vi of this one. 
[t fulfills the reader’s expectation that future issues of 
this resource publication will be comparable with Vol- 
ume 1. 


Cooperation Among Animals—With Human Implica- 
tions. W. C. Allee. xiv +233 pp. Illus. $3.50. Schu- 
man, New York. 1951. 


HIS is a revised edition of The Social Life of 
{ pee which appeared in 1938. Professor Allee’s 
researches in animal aggregations are well known to 
biologists, who are familiar with the older edition of 
this book, and the new edition should find its audience 
1a new generation of both biologists and interested 
laymen. 

There are few books in which a scientist has dis- 
cussed his favorite researches so clearly and concisely as 
this, and answered the questions as to their meaning and 
value almost as soon as the reader can ask them. There 

e morals to be found in these studies of anthills, 

kroaches in a maze, flocks of birds, and clusters of 
ea urchin eggs, and they are presented without emo- 
tional prejudice. Still another great war has made the 
old arguments about the inevitability of war and its 
utility as a population check less tenable than ever, and 
we can only hope that the time described in the book’s 
concluding sentence will not be too long delayed: “Un- 
like ants or chickens or fishes, man is not bound over to 
lorm castes or peck orders or schools, or to wait for a 
reshuffling of hereditary genes before he can discon- 
tinue behavior that tends toward the destruction of his 


species,” 


4 Hundred Years of Physics. William Wilson. 319 pp. 
55.90. Macmillan, New York. 1950. 


HIS book, the latest of “The Hundred Years Se- 

ries,’ may be regarded as an abbreviated treatise 
n theoretical physics, but in saying “abbreviated” the 
reviewer does not mean that anything of importance has 
seen left out. The book covers the development of the 
subject from the beginning of Queen Victoria’s reign 
0 the atomic bomb, describing the discovery of the 
cardinal facts of physics and the growth of its unifying 
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theoretical structure. Being addressed to both students 
and teachers of physics, the mathematical side of the 
subject is unavoidable; and, naturally, in compressing 
this into small volume, the author has encountered dif- 
ficulties. For instance, the discussion of Einstein’s gen- 
eral theory of relativity is limited to eight pages. All 
that is possible under such circumstances is to state the 
lines of thought that lead up to the final conclusion, 
with a skeleton outline of mathematical formulas, and 
to refer the reader to the original publication for more 
detailed information. The book contains an abundance 
of footnotes and a bibliography that will be of value to 
the student. 

The author begins with a prologue giving a general 
view of the state of physical science at the beginning of 
the period the book covers and concludes with an ep- 
ilogue summing up the development of the unifying 
theoretical framework of the subject. The teacher of 
physics, with his general knowledge of the facts, will 
find it to his advantage in reading this book to begin 
with the prologue and the epilogue, leaving the inter- 
mediate chapters for later reading. 

The reviewer has noticed only one place in the book 
where there is a confusing error. On page 68, in discuss 
ing the mean free path of gas molecules, the author 
quotes Clausius as regarding a gas as composed of 
spherical molecules, all having the same diameter 9. 
The formulas which immediately follow use o as the 
radius of the molecule. 

In the 21 chapters more than a hundred topics are 
discussed, and nothing of importance has been left 
unmentioned. The book is well worth the attention of 


students and teachers of physics. 


James Lind, Founder of Nautical Medicine. Louis H. 
Roddis. 177 pp. $3.00. Schuman, New York. 1950. 


HOSE who had the good fortune to read the book- 

let entitled Edward Jenner and the Discovery of 
Smallpox Vaccination, published by Dr. Roddis two 
decades ago, will enjoy the present volume. The story 
of the Scottish naval surgeon, James Lind, focuses at- 
tention on an achievement in preventive medicine: the 
prevention and cure of scurvy by the administration of 
orange, lemon, or lime juice, which occurred half a 
century before the experiments of Jenner. Jenner dealt 
with an infectious disease, Lind with a food-deficiency 
disease; both were scourges of mankind and both have 
become preventable diseases through the efforts of these 
two physicians. 

The reader will promptly discern that the author has 
enjoyed gathering the material for this book. He has 
presented his findings as a kindred spirit who has had 
medicine. The book 


firsthand contact with nautical 


can be highly recommended. 





LELTIERS 


THE FOUR IMMORTALS 
Lingula, Lingula, little tongue of time, 
speaking to us now from Ordovician stone, 
standing on your Sand tube in bilious tidal slime, 
clearly comes your signal on the cosmic dial tone. 


Sphenodon, Sphenodon, with greenish catlike eyes, 
with spiny intimations of stegosaurian pride, 

with double thymus promise of Mesozoic size, 

you give a Permian echo: the world and time are wide. 


Ostrea, Ostrea, benthonic hatchet-foot, 

pellucid luscious morsel, sessile margarite, 

you bring Triassic tidings and on our table put 

the pure molluscan blessing, the gourmet’s dear delight. 


Didelphis, Didelphis, with pouch and grasping tail, 
and grasping hallux, too (surely, kin of man!), 

our dim Cretaceous cousin behind the unrent veil. . . 
How mighty are the modest in the geologic span! 


Sapiens, Sapiens, the self-observing beast, 

the Pleistocenic mammal with four immortal friends: 

perhaps he may continue while sunlight is released— 

but none will note his passing when his sojourn ends. 
Reap Bain 

Miami University 

Oxford, Ohio 


TOO FAR TO THE LEFT? 


As you said in the July issue when you headed the 
letter of a correspondent regarding the education con- 
troversy, “Editors are human.” So I do not blame you 
for the, to me, extremely leftist slant of two articles in 


the same issue, namely, Albrecht-Carrié’s “Of Science” 
and Stewart’s “Human Adjustment to Social Law.” Yoy 
had in mind, no doubt, the enlivening of the journal y 
getting away from strictly scientific papers. 

Of course, as usual, the authors disclaim any such 
tinge. Thus Stewart says (p. 59), “It may be thought 
that this is advocating ‘socialism,’ but there is danger in 
the acceptance of any set formula of this sort.” Hoy. 
ever, throughout the article he constantly apologizes for 
the Russian and Communist opposition to us as due to 
our attitude toward them. His attack on the “autism that 
dominates the press” sounds very much like what the 
Communists had to say about the American press during 
the Oatis trial. 

Albrecht-Carrié is entirely wrong when he tries to 
make it appear (as the left-wingers and fellow-traveler 
do to lull the unwary into complacency with Con- 
munism) that Marxism is nothing but an economi 
theory. He writes, “There was no need of Marx to con 
vince us of the importance of economics, better named 
political economy; in a sense we are all Marxists nows- 
days (italics mine)... . What this reflects is the changed 
nature of the modern world or, as it has been put, 
Marxism (meaning the economic interpretation of hiv 
tory) (italics mine) is truer today that it used to be.” 
Marxism means a great deal more than an economic 
interpretation of history. It means, as is only too evident 
today, a complete subjugation of the individual to the 
state. This includes scientists, as witness the genetic 
debacle in Russia. 

P. H. Yancey 
Department of Biology 
Spring Hill College 
Mobile, Alabama 
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